FOUR DOLLARS 


ONE YEAR 


LUME 52 NUMBER 7 


“lk Ja p> 


et 


Men, 


sot SEIS POROUS pepe Ds caniieiaeed Rcmmumaneniee Resamamanel 


SR ‘ee. 


Be 


==: 


JULY 
949 


Ingersoll-Rand High=Pressure Boiler-Feed Pump 
Installations G@pove 1700 psi 


Pump Discharge Years 


Installation Pressure in Service 
ach installation of high-pressure boiler- | NNN 
feed: pumps isa specialized job. Factors ee Ul lll EY 
such as plant layout, load factor, feedwater es 8 =£ 2 «aan 2 
treatment, boiler pressure, etc., play an D.... om 1 inant: 
, : a f Ese 1850.. oe | 
important part in the design of the boiler- F 1850 "8 
feed pump and the materials used in its C.. 4" 850. 8 
construction. H...... 1830... 8 
Ingersoll-Rand is eminently equipped to a x_n tl 
produce really high-pressure boiler-feed J..... 1800...... Edy 
pumps for the most exacting service. I-R K..... 1750.. WW 
basic pump designs have been proven on L..... -1750.. WW 
; 5 ; M.... 1750. 8 
many of the outstanding high-pressure in- N 1745 2 
Seeetin ee nek celiedtnanatacturing test. a - a fee 
eeeead init atlurgical fadiliticasinsurelde: a —~—~,€- 
pendable construction. 0... nnn. 8 
Ingersoll-Rand engineers will be glad to R...................4in 1700 kes oe A 
discuss with you the application of boiler- 
feed pumps.to any type of plant. Many additional units im this pressure 


range are NOW in production. 


POOLING OF LABORATORY RESOURCES 


An example of how co-ordination between a company’s lab- 
oratories is set up to widely provide their effective service 
to the company’s engineering and manufacturing divisions 


By F. P. WILSON, JR. 


Staff Assistant to Manager of Engineering 
Apparatus Department, General Electric Company 


HE tremendous growth in size and number of 
industrial laboratories reflects not only their vital 
contributions to new and better products and services 
at lower costs, but also indicates the extent to which 
laboratories have become a permanent and essential 
part of progressive industrial enterprise. This growth 
has resulted not only in the accumulation of vast and 
specialized technical resources in talent and facilities, but 
also a substantial increase in laboratory expenditures. 
These facts, combined with opportunities for even 
greater impact on industrial progress in the develop- 
ment and utilization of resources, emphasize the joint 
responsibility between the laboratory, the engineering 
and manufacturing divisions, and over-all management. 
The laboratory must staff, equip, organize, and oper- 
ate to insure effective handling of its job. Successful 
laboratory performance will inevitably result in support 
and utilization of laboratory resources by engineering 
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Fig. 1. Engineering and manufacturing divisions as related to labora- 
tories in the pool 


and manufacturing divisions. Over-all management 
exerts a vital influence through its general policies predi- 
cated upon a recognition of the fact that laboratory 
expenditures can be a sound investment rather than 
speculation. 

The needs and opportunities in any given industry 
will determine how the laboratories ‘should be staffed, 
equipped, organized, and operated. 


This article is so paged that, without mutilating other articles, it can be 
readily removed for filing as a group of full-size consecutive pages.—EDITOR 
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In some instances, a single centralized laboratory is 
preferred. In other cases, multiple laboratories can be 
more effective; it depends upon the nature and size of 
the business and how it is organized and operated. 

This article presents the general plan and function of 
the laboratory structure in the General Electric Com- 
pany. The operation of this laboratory system has been 
such that it serves as an excellent example of the con- 
tributions of a successfully co-ordinated laboratory 
organization to growth and development in the elec- 
trical industry. 

Over a period of 62 years, the General Electric Lab- 
oratory Family has grown to 20 major units, located in 
10 different states, employing more than 6000 people. 
The combined resources of these laboratories cover 
every known requirement for science and technology 
in electrical industry. 

The best known of these laboratory units is the 
famous Research Laboratory at Schenectady where 
fundamental research serves the interests of the Com- 
pany at large and lays the foundation for applied re- 
search and development carried out by other labora- 
tories and engineering divisions. 

Fic. 1 illustrates the structural scheme and indicates 
the interrelationships of the laboratory units in con- 
tributing to the engineering and manufacturing opera- 
tions. 

The General Engineering and Consulting Laboratory 
located at Schenectady also serves the whole Company 
with emphasis on certain types of centralized electrical 
and mechanical developments. 

The remaining laboratories are widely distributed 
among and integrated with eight operating depart- 
ments of the Company, whose particular interests they 
are intended to serve. 


APPARATUS DEPARTMENT LABORATORIES 

The Apparatus Department, the largest of the oper- 
ating units, maintains nine major laboratories, including 
the High-voltage Laboratory in Pittsfield where arti- 
ficial lightning is created and high-voltage phenomena 
are studied with a view toward protecting electrical 
apparatus against it, the Illuminating Engineering 
Laboratory at Lynn which investigates exterior illumi- 
nation problems and principles with emphasis on street 
and highway lighting, and seven Works Laboratories. 
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Works Laboratories 


Each of the seven Works Laboratories is staffed, 
equipped, organized, and operated to serve the varied 
needs of the engineering and manufacturing divisions 
in the plant where it is located. 

Their activities range from applied research and de- 
velopment to routine control of materials and processes 
in the fields of chemistry, chemical engineering, physics, 
electrical engineering, mechanical engineering, elec- 
trical insulation, metallurgy, metallurgical engineering, 
and welding. 

Similar laboratories are maintained by the other 
operating departments. 

These Works Laboratories have a long sustained per- 
formance record—that of one unit extends over a 
period of 62 years. Although their major efforts have 
been and continue to be in the field of materials and 
processes, their contributions include the development 
of many important new products, such as the Disposall, 
the selenium rectifier, and the supercharger for air- 
craft, which set the stage for the aircraft gas turbine. 

The range of their contributions in product com- 
ponents include such diverse items as Formex wire, 
silicone-rubber bushings, and synthetic-jewel bearings. 

The layman can hardly appreciate the extent to 
which materials and processes control and limit the 
development, design, and manufacture of electrical 
apparatus. Only by continual development of new and 
better materials, and by processing them ever more 
precisely and economically is it possible to continue 
producing “‘more goods for more people at less cost.” 
For example, the life of a turbine is limited by the creep 
of an alloy steel, the safety of a ship may depend on the 
fatigue strength of a highly stressed gear, and the quality 
of the electric refrigerator requires the most exacting 
chemical control of the materials sealed into it for life. 
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In the Research Laboratory: This 
photograph, taken in a General 
Physics, High Frequency toom, 
and that on the Frontispiece page, 
typify only two of the many fields 
of scientific research which this 
General Electric laboratory ex- 
plores to procure new scientific 
knowledge useful to the Com- 
pany’s other laboratories and 
engineering divisions 


These requirements, which become more pronounced — 
with the improved performance of established products 
and the ever-growing variety of new products, consti- 
tute a challenge to the chemist, chemical engineer, 
metallurgist, physicist, and other scientists who can 
contribute in the field of materials and processes. 

Chemistry provided the film on Formex wire, which, 
because of its toughness, permitted the elimination of 
cotton covering. This reduced the space required in coil 
windings and eliminated 6,000,000 lb of structural ma- 
terials per year in apparatus because of reduced size. 
This saving in space has also permitted the design of 
equipment to meet exacting requirements which other- 
wise would have been impossible. 

Tungsten carbide led to the formation of a new 
company. Alkyd resins set the stage years ago for the 
growth of what is now the Chemical Department. 
Askarel revolutionized capacitor design; improved sili- 
con steel reduced the size and cost of transformers; high- 
temperature alloys permit higher temperatures in steam- 
turbine operation and made the gas turbine possible; 
improved lubricants, new finishes, and synthetic insula-. 
tion are only a few examples of laboratory activity in 
the materials field. 

An important part of Works Laboratory activity on 
materials includes technical collaboration with the 
various materials industries, such as chemical, petro- 
leum, steel, paper, copper, and other groups, in devel- 
oping, adapting, or modifying their products to suit 
our needs. 

In the process-development field, Works Laboratory 
contributions include: solvent recovery in wire enamel- 
ling; high-speed silver plating; multiple-coat single-bake 
painting; vapor-phase drying; silicone-rubber extru- 
sion; automatic painting; and innumerable heat-treat- 
ing and welding operations. 
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Ingenious methods have been devised for controlling 
materials and processes to insure quality of the finished 
product. Automatic testing to reduce costs and eliminate 
human errors is another field of Works Laboratory effort. 

The application of measurements engineering has 
been brought to a high degree of efficiency and effec- 
tiveness by the Works Laboratories in the chemical, 
physical, mechanical, metallurgical, welding, and elec- 
trical fields. These laboratories possess, or have access 
to, every conceivable kind of measurement facilities 
required in their work. 

Their resources are also called upon by engineering 
and manufacturing divisions to solve difficulties with 
materials, processes, or related operations. 

The Works Laboratories are on the frontier of appli- 
cation, because they are located in and integrated with 


the various operating units of the Company and thus 
enjoy the great advantage of close geographical prox- 
imity to the engineering and manufacturing divisions. 

The frequent contacts thus provided promote good 
personnel relationships and insure a continuous picture 
of technical needs. This, in turn, permits a translation 
of such needs into effort by the Works Laboratory in 
co-operation with other laboratory groups, particularly 
the Research Laboratory, the General Engineering and 
Consulting Laboratory, and the Chemical Department 
Laboratories. It also aids in the translation of the 
activities of these laboratories into local engineering 
and production use. 

This means a more useful employment of the Lab- 
oratory resources; effort is more objective; performance 
is improved; transition from research and development 
to practice is accelerated; the problem of laboratory 
financing is simplified; and a partnership of science, 
engineering, and manufacturing is achieved. 


COMMON DENOMINATORS 
Although these Works Laboratories serve different 
product areas ranging from electric locomotives and 
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steam turbines down to devices which will fit in a vest 
pocket, there are many common denominators. 

There is a common use of materials among many of 
the different products. Electrical insulation, magnetic, 
and structural materials are a few. 

The various factory processes and their instrumen- 
tation have much in common. The application of basic 
principles in the design and manufacture of various 
product lines involves many common problems in 
chemistry and chemical engineering, physics, metal- 
lurgy and metallurgical engineering. 

Techniques and procedures for the control of ma- 
terials and processes are items of common interest. 

In addition, similar problems of organization, facili- 
ties, operations, services, and activities arise in every 
laboratory. 


In the General Engineering and 
Consulting Laboratory: The 
checking of secondary standards 
against primary standards (left) 
and the testing of 50-MEV beta- 
tron equipment (below) are ilius- 
trations of the wide range in 
variety and complexity of the 
measuring and development serv- 
ices contributed by this laboratory 


The number of independent laboratories in the Com- 
pany, their common interests, the rate at which new 
knowledge and things are being made available, the 
trends toward technical specialization, the need for 
avoiding unnecessary duplication of talent, facilities, 
and effort, the experience during the war, and the 
growing need for conservation, all emphasize the bene- 
fits from pooling of laboratory resources through an 
effective mechanism for laboratory co-ordination. 


LABORATORY CO-ORDINATION 

It is obvious that any plan for laboratory co-ordina- 
tion must be adapted to suit the laboratories involved 
and must have the wholehearted support of the men in 
the laboratories. 


The Mechanism 

The mechanism which came into being in December 
1945 is the result of co-operative study and effort among 
the various interested groups, and comprises a federa- 
tion of eight standing committees. 

General over-all guidance is provided by a committee 
composed of the heads of the Works Laboratories and 
representatives from other laboratories in the Company. 
This committee operates through seven laboratory Sec- 
tion Heads Committees, each comprising the heads of 
like sections in the various Works Laboratories. These 
sections include chemical, electrical, insulation, me- 
chanical, metallurgical, service, and welding sections, 
as shown in FIG. 2. 

Task forces comprising specialists are appointed to 
solve specific short-range problems and disband when 
the job is completed. Subcommittees are appointed to 
handle longer-range problems. 


Advantages 


The general Committee can take positive action on 
matters within the individual jurisdiction of its mem- 
bers. The same is true of the Section Heads Committees. 

The functional relation of the various personnel 
within each laboratory is maintained in the committee 
structure, and committee membership is determined by 
an individual’s job. 

The use of task forces and subcommittees minimizes 
the number of standing committees, provides flexi- 
bility, and divides the load among those qualified to 
handle it. 

Annual rotation of the chairmanship of the section 
committees on an elective basis has proved to be a very 
good feature. The rotation, with its short term, prevents 
loss of interest in the job. It permits a different chair- 
man to bring in fresh viewpoints and enthusiasm each 
year and it develops friendly competition. 

Leadership opportunity is provided and capacities 
and aptitudes are revealed, permitting management to 
obtain a better calibration of individuals. 

Laboratory personnel acquire broader perspective on 
over-all problems, and company-wide interests are thus 
aided. 


10 


GENERAL ELECTRIC REVIEW 


Laboratory Heads Committee 


Section Heads Committees 
ee Metallurgical | Service | | Service | Welding. } 


Tosk Forces 
and Subcommittees 


Works Laboratory Committees 


Fig. 2. 


The same advantages apply to the task forces anc 
subcommittees—usually composed of younger mer 
and those whose technical specialty might not other 
wise provide an opportunity for administrative leader 
ship. 

In the task forces, an important objective is maxi 
mum turnover, so that the greatest number of personne’ 
will have experience in teamwork. Such association 
breeds respect for the other fellow’s ability and arm 
appreciation of his problems. It also accelerates ex+ 
perience, acquisition of knowledge, and the develop- 
ment of leadership. 


FUNCTIONS AND OPERATION 

The functions of these various groups, or teams, ares 
to promote and co-ordinate through an exchange of 
ideas, knowledge, and experience, and by joint or 
centralized action on common problems. 

From the viewpoint of exchange of information, thes 
setup provides. a dynamic system of communication. 
Frequent personal contacts are emphasized, supple- 
mented by reports, minutes of meetings, information: 
letters, bulletins, and data folders. 

Committee meetings are rotated among the various 
Works of the Company, at which time representatives 
of engineering and manufacturing divisions and local 
management participate in the discussions. 

Any individual anywhere in the Company can, by 
contacting the appropriate member of any of the 
laboratory committees, be put in touch with the latest 
information on activities in any of the laboratories par- 
ticipating in the pool. . 

Joint action may take several forms. It may involve 
efforts toward standardization of materials and proct 
esses. It may comprise effort to solve a technical 
problem common to several laboratories, or it may be 
concerned with promoting the use of a new material 
or principle over a wide front in the least possible time. 

Trends toward technical specialization emphasize 
the increasing importance of joint action among those 
whose specialties are required to handle laboratory 
projects. 

Centralized action is desirable when Laboratory ac- 
tivities or projects of interest to several laboratories 
can be advantageously assigned to a single laboratory. 
A certain laboratory may possess specialized talent and 
facilities which can be utilized on a centralized project 
by a moderate expansion in a local activity without im- 
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pairing laboratory service to local divisions, or which 
have been acquired and developed over a period of 
years at considerable expense and which would entail 
comparable time and expense to duplicate. 

When the required talent and facilities are not avail- 
able in any of the interested laboratories, duplication 
is avoided if a single laboratory provides the talent and 
facilities for serving several laboratories. Where several 
laboratories could and would otherwise undertake the 
same project, duplication is avoided by assigning leader- 
ship in the job to a single laboratory. 

The whole enterprise is carried out in an atmosphere 
which encourages co-operation and under a philosophy 
aimed toward maximum service to the Engineering and 
Manufacturing Divisions in their efforts to achieve new 
products, improved products, quality products, and 
lower-cost products. 


In the Works Laboratories: Views 
showing some of the facilities 
used in mechanical testing (top), 
chemical analysis (right), and 
high-temperature rupture testing 
(below) which, with many other 
facilities of standard and special 
types, enable these laboratories to 
investigate materials and process 
applications of concern to the 
engineering and manufacturing 
divisions. All this work is closely 
co-ordinated between the various 
laboratories and also between the 
divisions to enable maximum 
yield of results to be obtained 
~ quickly and economically 
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70 Steps a Second Speed 
Up to 10 (or more) Bank Levels 
Only 1 Field Adjustment 


For all the features you want... in any 
remote-control application ... look to Automatic Electric’s 
Type 45 Rotary Switch! 


SPEED... it’s faster! It carries 10 wipers at 70 steps a second 
on 46 volts d.c. self-interrupted, or at 35 steps a second, 
externally interrupted. 


CAPACITY. .. it’s greater! Ten or more 25-point bank levels 
can be accommodated on the same frame, and single ended 
wipers can be provided for 50-point operation. 


ADJUSTMENT. . . it’s simpler! A rare readjustment of the 
interrupter springs is all that’s normally required. 


OPERATION ... it’s smoother! With an even load on all con- 


tacts, the Type 45 runs without galloping; there’s no chatter 
or bounce. 


ADAPTABILITY. . . it’s more useful! With more levels, faster 
speed and 25- or 50-point operation, it’s suitable for a 
wider variety of control applications. 


For complete information on this switch that’s new and 
better, write for our new circular. 


<p ELECTRIL | 
SH ELECTRIC 


Distributors in U. $. and Possessions: 
Automatic Electric Sales Corporation 
1033 West Van Buren Street, Chicago 7, Illinois 
In Canada: Automatic Electric (Canada) Limited, Toronto 
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the Type 45 Rotary Switch 


the Class ‘‘B”’ Relay 


Here’s a new relay, too, 
that can be used for 
ordinary relay service— 
opening, closing or 
switching circuits—and 
for extremely high- 
speed operation. Inde- 
pendently operating 
twin contacts assure per- 
fect contact operation. 
Contact points are 
dome-shaped tomaintain 
uniformly low contact 
resistance. They may be 
arranged in one or two 
pile-ups with a maxi- 
mum of 16 contacts on 
13 springs in each pile. 
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HOW AN AUTOMATIC DUPLEX 
UNIT SUBSTATION WORKS 


Also the complete substation is easily moved from one 
load-distribution center to another, with savings 
in the costs of land, installation, and maintenance 


By R. SIEGEL 


Switchgear Division, General Electric Company 


RINGING blocks of high-voltage power close to 
the center of distribution for industrial and 
lighting loads is now a recognized practice. One of the 
modern tools for transforming, controlling, and pro- 
tecting this power at the distribution center is the unit 
substation. A recent development in unit substations 
that offers a high type of over-all service reliability is 
_ the automatic duplex unit substation, shown in Fic. 1. 
The primary voltage of this particular substation, 
rated 3000 kva, is 18.2 kv and the distribution voltage 
is 4.16 kv. 


An automatic duplex unit substation consists of two 
one-feeder radial substations, each of which has its 
incoming-line power transformer and automatic re- 

closing feeder circuit-breaker equipment, with the 
addition of a feeder tie circuit breaker—all as shown in 
Fic. 2.. Automatic throwover features are included for 
these three circuit breakers, and are so arranged that 
normally each feeder circuit is supplied from its asso- 
ciated power transformer; but in case only one power 
transformer is energized, both feeder circuits are 
supplied from it. Each automatic reclosing feeder 
equipment also operates in the usual manner to recon- 
~nect the feeder to its associated power transformer a 


This article is so paged that, without mutilating other articles, it can be 
readily removed for filing as a group of full-size consecutive pages.—EpIToR 


Fig. 1. 
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limited number of times after its disconnection due to 
a fault. Hence, maximum reliability of power is provid- 
ed to both of the two outgoing feeders, whether both 
or only one of the transformers is energized. 


AUTOMATIC CONTROL 


Under normal automatic operation with both trans- 
formers energized (Fic. 2), both voltage relays 47-1 
and 47-2 are in the energized position, the two feeder 
breakers 52-1 and 62-2 are closed, and the tie breaker 
24 is open. 

If loss of voltage occurs on one of the transformers, 
its voltage relay 47 will operate to trip its respective 
breaker 52 and cause the tie breaker 24 to close. Both 
of these circuit-breaker operations are dependent 
upon the presence of voltage on the other transformer 
to prevent unnecessary circuit-breaker operations on 
simultaneous voltage failure on both transformers. 
Furthermore, the closing of tie breaker 24 will not take 
place at any time if one of the feeder breakers is open 
because of a feeder fault. 

When normal voltage returns on the station after it 
has been operating with one of the feeder breakers open 
as a result of loss of voltage to its power transformer, 
its respective voltage relay 47-1 or 47-2 picks up to 
close its feeder breaker. The action of this breaker in 
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Installation of an automatic duplex unit substation 


closing trips the tie breaker. Inasmuch as _ these 
stations are designed to be fed from synchronous 
sources, momentary paralleling of the two transformers 
upon restoration of voltage to the circuit that has been 
de-energized is permissible and desirable to prevent a 
power interruption at the time of the transfer back to 
normal conditions. 

If voltage is lost on the second transformer after it 
has already been lost on the first, no automatic opera- 
tions will take place at the time, and neither the 
second feeder breaker nor the tie breaker will change 
positions. The voltage relay 47 of the first transformer 
has dropped out and has opened the tripping circuit 
to the second breaker to prevent tripping from its own 
voltage relay 47. When voltage returns to the second 
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Fig. 2. One-line diagram of an auto- 
matic duplex unit substation 


24: Bus tie breaker 
47: Voltage relay 
50: Inst. overcurrent relay 
61: Time-delay overcurrent Ap 
relay 
52-1: Trans. sec. breaker 1 
52-2: Trans. sec. breaker 2 
83: Throw-over contactor 
87: Differential relay 
AM: Ammeter (vs) 
AM SW: Ammeter switch 
M: Voltmeter 
VM SW: Voltmeter switch 
WHM: Watthour meter 
PT's: Potential transformers 
GDS: Current transformers 


transformer, the station will operate as it did prior to 
this outage. If voltage returns instead to the first 
transformer, the second feeder breaker will trip, the 
tie breaker remains closed, and the first feeder breaker 
will close. If, with both transformers de-energized and 
with one feeder breaker open and the tie breaker closed, 
voltage returns to both lines simultaneously, the other 
feeder breaker closes immediately and the tie breaker 
trips. : 
Thus, with the duplex unit substation set for auto- 
matic operation, the lengths of the outages due to 
interruptions in the primary power supply are kept to 
the minimum. 


MANUAL CONTROL 

In accordance with recognized practice, two-position 
selector switches are included for the transfer of the 
control of the three circuit breakers from automatic 
operation to individual control-switch operation. An 
attendant can thus close or trip any of these three 
breakers by means of its own control switch at times 
of temporary manual operation to meet special operat- 
ing conditions or for testing or maintenance purposes. 


PROTECTIVE RELAYING 


When circuit breakers are used on the high-voltage 
transformer circuits, differential relaying may be includ- 


14. 


GENERAL ELECTRIC REVIEW 


‘ 


ed to protect the transformer on internal faults. This 
t: a ws . } 
equipment is insensitive to magnetizing inrush cur- - 


rents, and so prevents incorrect operation for that type 
of transient condition. 


OVERCURRENT 

Each feeder circuit is provided with time-delay and 
instantaneous overcurrent fault protection and auto- 
matic reclosing equipment. In addition to its function 
of making up to three attempts to reclose the feeder 
breakers, the equipment acts to suspend the operation 
of the instantaneous overcurrent relay after the first 
tripout. This allows time for the sectionalizing equip- 
ment on the distribution system to isolate the fault 
after successive reclosures. 


“T_BATTERY “If 


& CONTROL 
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47-1 


47-2 


OPEN WHEN EITHER 
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FEEDER 
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When a feeder fault occurs, the automatic operation 
of the tie breaker and the transformer load-ratio control 
is suspended. This suspension lasts only during the 
operating cycle of the automatic recloser. If the re- 
closer successfully recloses the feeder breaker, auto- 
matic tie-breaker operation and load-ratio control are 
reinstated. However, if a permanent fault causes the 
recloser to lock out, the tie breaker and load-ratio 
control remain inoperative until the lockout relay is 
manually reset. 


OTHER FEATURES 


Among the advantages of these stations are their 


flexibility and the ease with which a complete station 
can be moved from one load-distribution center to 
another because each is built as a complete unit. 
More than one of these unit equipments can be 
installed in the same location to accommodate larger 
blocks of power for distribution. If load requirements 
in the station area increase, additional duplex unit 
substations can be installed. The number is limited 


only by the primary system’s ability to carry the load © 


for the area. 

The use of these substations permits large savings 
in land costs, installation costs, cable, maintenance 
costs, and in stocking and replacement of parts. 
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THE PHYSICS OF 


LONG TRANSMISSION LINES 


Standing-wave concept leads to simple basic 
formulas for solving transmission-line problems 


By A. BOYAJIAN 


Power Transformer Engineering Division 
Pittsfield Works, General Electric Company 


3 HAS become customary to formulate transmission 

lines in terms of hyperbolic functions; that makes 
t difficult for most persons to visualize the physics of 
she phenomena. But anything that can be formulated 
in hyperbolic terms can also be formulated in the more 
familiar trigonometric terms with equal rigor, and in 
the present case with a great gain in enlightenment. 
Furthermore, these rigorous equations in terms of 
sircular functions can be developed rather easily from 
basic physical considerations. Therefore, in this article 
we shall start with physics and build up the mathe- 
matics as we go along. One great advantage of this 
procedure is that, once the physics of the phenomena 
is understood, one is able to estimate ‘‘on his fingers,’ 
30 to say, the performance characteristics of a long 
ine when given but very meagre data. 

The nucleus of the theory is the standing-wave con- 
sept. Its usefulness arises from the fact that it leads to 
simple basic formulas of performance in terms of only 
chree simple constants, namely, the velocity of propa- 
sation, c; length of line, J; and its surge impedance, 
Z). The velocity of propagation is practically the 
velocity of light for all overhead transmission systems; 
she length of line is generally given or assumed; and 
she surge impedance, except for the effect of resis- 
ance, differs but little from system to system (regard- 
ess of wire size, length and configuration); therefore 
she convenience of the method may be appreciated. 

More specifically, the heart of this exposition is the 
sonception that on a line (long or short) the current 
und voltage distributions constitute arcs of a sinu- 
oidal standing wave, 1.2 degrees of arc for every 10 
niles of overhead line at 60 cps, so that a 200-mile 
ine subtends a 24-degree arc. Viewed from the receiv- 
ng end, the no-load voltage arc starts with its crest at 
he receiving end; the no-load current arc starts with 
ts zero at the receiving end; the load current arc starts 
with its crest at the receiving end; and the arc of the 
urge impedance drop, caused by the load current, 
tarts with its zero at the receiving end. The super- 
yosition of these four arcs yields the resultant current 
ind voltage at every point along the line for any as- 
uumed load condition. 


This article is so paged that, without mutilating other articles, it can be 
eadily removed for filing as a ‘group of full-size consecutive pages.—EDITOR 
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The pure sinusoidal arcs apply strictly only in the 
absence of resistance. Resistance causes these arcs to 
be attenuated. However, by changing the symbol of 
reactance to impedance, and susceptance to admit- 
tance, the formulas are generalized at one stroke to 
include also the effect of resistance with perfect rigor. 


Having taken a bird’s-eye view of the matter, let us 
begin from the beginning, with a consideration of a pure 
traveling wave. 


A PURE TRAVELING WAVE ON A LINE 


If a line of unlimited length (Fic. 1) is excited with a 
sinusoidal voltage, sinusoidal current and voltage 
waves speed along the line. The wave length ) along 
the line is equal to the distance which the wave travels 
in one cycle of the excitation. If f is the excitation fre- 
quency, and c the velocity of the wave along the line, 
then obviously 


h=c/f 


On an overhead line, the velocity of an electromag- 
netic wave is practically the same as that of light— 
186,000 miles per second—so, if the excitation is 60 cps, 
the wave length ) will be 3100 miles. As one wave 


Fig. 1. 
length 


Line of unlimited length excited with sinusoidal voltage of wave 


length is 360 electrical degrees, it may be helpful to 
remember that 10 miles of line represent an arc of a 
little over 1 degree (or more precisely, 1.16 degrees, or 
approximately 1.2 degrees) of a 60-cycle wave. 

In pure electromagnetic propagation, a current wave 
is always associated with a voltage wave, and is of 
duplicate shape and in phase with it. The ratio of 
voltage to current is then the same at all points along 
the wave and is called the surge ampedance of the line. 
It is generally represented by the symbol Zp. 


The wave we are considering (Fic. 1) is pure, mean- 
ing that it has no admixture of waves going in oppo- 
site direction, such as reflected waves. A wave that is 
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the resultant of two or more waves moving in opposite 
directions is a mixed’ wave. What we will have to work 
with is a special kind of mixed wave, called a standing 
wave, but the pure wave is important to us in defining 
the two fundamental concepts of wave length and surge 
impedance, as well as for deriving the standing wave 
from it. 

The concept of wave length needs no further elucida- 
tion, Its value lies in the fact that, with its aid, miles of 
line can be converted into degrees of arc as has been 
mentioned. 

Both the concept and value of surge impedance may 
need some further elucidation. 


P 


Cue thie Soe 


(b) 


a ae, 2 
ee (c) 
Fig. 2. Moving sinusoidal waves, combined, form a standing wave 
Fig. 2a. Voltage and current waves, approaching each other from oppo- 


site directions 


Fig. 2b. Superposition of waves at points P; and P2, one half wave 
length apart, and at P, midway between, gives specific resultant values of 
voltage and current 


Fig. 2c. Voltage and current distributions of combined waves 


To comment on the value first: given the surge 
impedance of a line, we can dispense entirely with its 
reactance and capacitance, one constant (plus the 
velocity of propagation) taking the place of two. This 
fact is the more useful, in many cases, because both 
reactance and capacitance vary with length of line, 
frequency, size of conductor, and spacing, while surge 
impedance is independent of length and frequency, and 
is very moderately affected by the other variables, so 
that surge impedance differs but little from system to 
system. This may be seen in following relationships: 


(a). The surge impedance of a line free of losses is 
defined as 


Zy=(L/C)' 


The effect of losses will be indicated later. 

Because both the inductance L and the capacitance 
C of a line vary directly with its length, the ratio of 
L to C remains constant. Thus, the surge impedance 
of a line is independent of its length. This fact is of 
great help in many calculations. 
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(b). Equation (1) shows that surge Aes 
independent also of frequency. (But the arc-lengt 
which a line represents compensates for that by vary 
ing with frequency: a little over a degree for each 1 
mi. in a 60-cycle wave, and just under half a degre 
for each 10 mi. in a 25-cycle wave.) 

(c). Although, for a given voltage, the current 1 
a pure wave is limited by the inductance and capa 
itance of the line (not by its resistance ordinarily) 
the surge impedance of a line free of losses 1s a rea 
number, with no j term attached to it. This interest’ 
ing fact, however, applies only to a pure travelin 
wave. In the case of standing waves, such as we hay 
on a transmission line at steady state, there is a_ 
term attached to surge impedance. 

(d). For practical high-voltage lines, the valueo 
surge impedance (exclusive of resistance) varies in < 
narrow range around 400 for rather large variationa 
in wire size and spacing, because Zp is a logarithmid 
function of these variables. The formula is 


Z)=188 logi(D/r) approx.” 


=[138 logio(D/rr) Xlogi(D/rc)}? 
more accurately © 


(2a) 
(2b) 


in which 
D= Distance between wires (center to center) fon 
triangular arrangement of the wires, and 1.26 
times the distance between adjacent wires for 
flat (transposed) arrangement 
r= Actual radius of the wire 
r= Effective radius of the wire for the inductance 
=r for very high frequencies 
=0.78r for commercial frequencies and those sizes 
of conductor which involve low eddy currents 
rc=Effective radius of the wire for the capacitance, 
generally the same as the actual radius of the 
conductor. 


Table I illustrates the slow variation.of Z for a wide 
range of conductor size and spacing. The values of Z 
for some of the well-known lines of the country, given 
in Table II, will be even more interesting. 

Evidently, in the absence of specific information, a 
value of 400 may be assumed for the surge impedance 
of a high-voltage line. 

To apply these concepts and constants to a trans- 
mission line, we have to consider now this special kind 
of mixed wave called standing wave, for it is arcs of 
such a wave that we have on an operating line in the 
steady state. 


STANDING WAVE ON A TRANSMISSION LINE 


Let us consider two duplicate sinusoidal voltage 
waves moving in opposite directions on an indefinitely 


@)Strictly speaking, because of eddy currents the inductanc 
conductors tends to be affected somewhat by frequency. th 

(»)This formula is modified from Waddicor (Princ. Elect. Power Trans. 
p. 357). He so defines the factors involved as to obtain the zero phase-sequenc 
value of Zo, suitable for lightning calculations; whereas here we have define 
them to yield the three-phase (positive phase-sequence) value of Zo. 

_ ©)This formula falls short of being absolutely rigorous by neglecting th 

minor effect of the ground capacitance on the three-phase currents anc 
voltages. On this effect, see Woodruff; Electric Power Transmission, 24 Ed. 
p Sie any complicated case, calculate L and.C separately and use Equa 
ion (1). 

(4)Values of rz for large conductors and cables may be obtai 
tables. See Woodruff (Tables [V-VII, columna dy or.Da). oo ee 
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eS 
TABLE I 


SURGE IMPEDANCE FOR VARIOUS CONDUCTOR SIZES AND SPACINGS 


_ Case Wire Size Spacing Pees 
il No. 8 (14-im) 2 ft 352 
II No. 2 (4 in.) 5 ft 376 
III No. 2 (% in.) 25 ft 470 
IV 600,000 cir. mils PAR vite 410 


(Anaconda hollow conductor, 
14 in. diameter) 


long line (Fic. 2a). To make these waves move in 
opposite directions, the current wave of one must have 
opposite phase from the current wave of the other, as 
shown by the dashed curves. Let P be the point at 
which the two sets of waves first meet, and let us con- 
sider the resultant waves in the zone P,-P,, half a 
wave length long, under the joint action of the two 
sets of waves. 

At P the two voltage waves will always be in-phase 
with each other, and the maximum value of the result- 
ant wave will be twice the amplitude of one; whereas 
the two current waves will always be in opposition to 
each other, and their resultant will be permanently 
zero current, at this point. At P,; and P:, however, the 
two voltage waves will be constantly in opposition, as 
illustrated in Fic. 2b (one wave shown below the other 
for clarity), and the resultant voltage at each one of 
those points will be zero continuously. Considering the 
two current waves meeting at these two points (P1, 
P2), it will be seen that they will be always in phase 
with each other, and therefore the resultant current at 
those points will alternate between double positive and 
double negative values: negative at P,; when positive at 
P,, and vice versa. The current and voltage distribu- 
tions from P, to P, will then be as shown in Fic. 2c: 
two half-wave sinusoids in space, shifted 90° from each 


TABLE II 


SURGE IMPEDANCES OF SOME 220 TO 287-KV LINES® 
THREE-PHASE POSITIVE-SEQUENCE LOW-FREQUENCY VALUES 


Spacing (ft) (f) 


BA Length Wire Size Bee 
BENS, fies and Material Actual pigs Zo 

Conowingo-Plymouth 

Meeting 58 795,000 ACSR 25.5 31.6 400 
Safe Harbor—Riverside 50 795,000 ACSR 28.3 35.7 407 
Bonneville: No. 1 Coving- 

ton-Coulee 183 795,000 ACSR 27 34 403 
Boulder Dam—Los 

Angeles No. 3 263 1.4in. Cu 32.5 nai 400 
Hydro. Ontario: Beau.— 

ieaide 300 795,000 ACSR 25.3 31.9 400 
Big Creek East & West 244 667,000 ACSR 17.2 21.7 382 


(e)Estimated values (exclusive of resistance) based on some data gleaned 
from the AIEE Transmission Committee Report for 1946, entitled Lightning 
Performance of 220 Kv Lines.”” AIEE Trans. Vol. 65. p. 72. 

(f)Single circuit, horizontal arrangement of wires. The minor effect of the 
ground on the three-phase Zp has been ignored in all of these cases, but it 
must be included in a rigorous treatment. ; a 

(g)Calculated for single-circuit operation of this double-circuit system. 
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other, and alternating sinusoidally in time; but neither 
the crest nor the zero points of the distribution curves 
will move either to the right or to the left: in other 
words, the resultant waves will be standing waves. 

A standing wave, we observe, is standing only in the 
sense that it is not traveling: it is rising and falling — 
alternating—in time. The wave length of a standing 
wave is the same as that of each one of its duplicate 
traveling-wave components. 

A wave that is a duplicate of a given wave, and that 
is traveling in opposite direction, can be obtained by 


E,FUNDAMENTAL 


E,THIRD HARMONIC 


(a) 


I, FUNDAMENTAL 


I, THIRD 
HARMONIG 


(b) 


Fig. 3. Sinusoidal fundamental and third-harmonic standing waves on 
a line short-circuited at one end and open at the other 


Fig. 3a. Voltage waves Fig. 3b. Current waves 


total reflection. Open circuits and short circuits 
(grounds) are total reflectors. 

As there can be no current at an open circuit, it 
follows that a current wave reflected from an open 
circuit will be reversed in phase. A standing current 
wave always so adjusts itself to a line as to bring a 
zero point to an open circuit. 

If the reflected current wave is reversed in phase, the 
reflected voltage wave must be unreversed so that the 
reflected set can travel in a direction opposite to that of 
the original set. Therefore, at an open circuit, the volt- 
age will double. 

As there can be no voltage in a short-circuit, the 
voltage wave reflected from a ground must be reversed 
in phase to neutralize the oncoming wave. Accordingly, 
a standing voltage wave always so adjusts itself to a 
line as to bring a zero point to a short circuit or ground- 
ed spot. If the reflected voltage wave is reversed in 
phase, the reflected current wave must be reversed so 
that the reflected set can travel in a direction opposite 
to that of the original set. Therefore, at a short circuit 
the resultant current will double. 

It is seen that a standing voltage wave will have a 
crest at an open circuit, and a standing current wave a 
crest at a short circuit or ground. 

As an illustration, Fic. 3 shows two sinusoidal stand- 
ing waves on a line short-circuited at one end, and open 
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at the other, so that both conditions are illustrated. 
Fic. 3a shows two voltage waves, a fundamental 
(longest possible wave length) and its third harmonic; 
Fic. 3b the corresponding current waves. The follow- 
ing characteristics of these waves may be noted: 


(a). The current and voltage waves are displaced from 
each other by 90° in space. Compare Fic. 3a with Fic. 
3b;,also FIG. 2c. 

(b). Also, they are displaced by 90° in time. 


It can be gathered fom Fic. 3 and verified by Fic. 2, 
that for any standing wave the voltages (or currents) 
rise and fall at the same time at all points along the 
line. That is, the currents all along the line rise and 
fall together, and the voltages-to-ground along the line 
rise and fall together—at some places to higher values, 
of course, and at others to lower values, but all simul- 
taneously. As the current crest at some point P; is in 
time quadrature with the voltage crest at some other 
point P,, and all currents along the line are in phase 
with each other and all voltages to ground are in phase 
with each other, it follows that in the simple conditions 
visualized in Fic. 3 (ends grounded or open, and losses 
ignored), the current and voltage at any given point 
along the line will be in time quadrature with each 
other. This phase relationship is modified when the 
line is loaded. 

(c). The numerical ratio of the voltage crest to the 
current crest is the surge impedance of the line. This 
follows from the fact that the amplitude of the standing 
voltage wave is double the amplitude of each traveling 
voltage component, and the amplitude of the standing 
current wave is double the amplitude of each traveling 
current component, thus leaving the ratio of maximum 
voltage to maximum current unchanged. 

The time relationship discussed in the previous sec- 
tion may be considered also as follows. In a simple 
standing wave, all points along the line have zero volt- 
age-to-ground at the same instant, and all currents 
along the line have their zero value at the same instant. 
These two instants cannot be the same because, in a 
standing wave, the energy is tossed back and forth 
between the dielectric and magnetic fields, and there- 
fore when one field is maximum the other has to be 
zero. It follows that the surge impedance of a line to a 
sinusoidal standing wave will be+7 Z). Consideration 
will be given to the algebraic sign later. 

The formula for surge impedance, as (L/C)', was 
earlier introduced on faith, but it can be conveniently 
proved now. As the oscillations of a standing wave 
represent electromagnetic energy being tossed back and 
forth between the magnetic field and the electrostatic 
field, the total energy U, when in the magnetic form, 
will be equal to 


ek Engel, (or KPa Xr) (3) 
(K is a factor for the sinusoidal distribution of the 


wave.) The same total energy, when in the electro- 
static form, will be equal to 


U=K ee C(or K FE naxPc) (4) 
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(K is the same factor as before because the distributio: | 
is the same.) Equating these two, because it is the 
oa 


a 


same energy, and solving: : 


4: 
Fisea) tena = (L/C) + (X1/Bc) ; (5) 

Stated in vector effective values, 
Zo = Ep ett/L, ef = +7(Xz/Bc)} (6) 


It may be worth noting that this is the same formula 
as that for the ratio of voltage to current in the free 
oscillation of a massed inductance in series with a 
massed capacitance at their resonance frequency. 


Fig. 4a. Standing waves on a long line in an imaginary oscillation 


Fig. 4b. Points B and D of current zero, where the line may be supposed 
to be cut 


Fig. 4c. Voltage zero at F, where line may be supposed to be grounded 


Fic. 3 does not show any generator, because it is 
possible to have a standing wave without a generator. 
Such a standing wave is called an oscillation, and of 
course in time it will die out. An oscillation can be 
brought about in various ways, but the following 
imaginary scheme will prove highly enlightening for 
our purpose. Assume a standing wave on a long line 
(Fic. 4a) with terminals far away and connections 
unknown. At point B the current is zero (always), so 
that the wire can be cut at this point without disturb- 
ing the phenomena. This is true at point D, where also 
the wire may be cut, giving the oscillating line section 
B-D shown in Fic. 4b. Alternatively, cutting the line 
at B as before, and observing that the voltage at F is 
zero, we may ground the line at that point and cut the 
wire beyond it, obtaining the oscillating line section 
B-F of Fie. 4c. 

How a standing wave of any length of arc can be 
sustained by properly fitting an alternator to the trans- 
mission line will now be described. 
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LINE EXCITED BY AN ALTERNATOR 


In the foregoing discussion of Fic. 4 it may have 
become clear that, in a sectionalized line, an open 
circuit can be placed on a standing wave only at a 
current-zero point (and therefore a point of voltage 
maximum); and a ground can be placed only at a 
voltage-zero point (and therefore a point of current 
maximum). As a result, a free standing wave on a finite 
length of line has to be either a quarter wave length or an 
mmitegral multiple of it. It is not possible to have, for 
example, a 10° or 110° arc of a standing wave on such 
a line. 


Io= Imax Ey EB=E MAX 
T) 

fe) B 

oF (a) 

To= Tax Es Er =E MAX 

i a 


(b) 


! 
tae Is] 


Fig. 5a. Voltage and current relations in standing waves on a line 
grounded at O and open at B. Cutting the line at A would disturb the 
standing wave 


Fig. 5b. Alternator connected to line at point s to maintain oscillation 


A generator, however, can be connected in at any 
point along the wave, if the frequency, magnitude, and 
phase of the generated voltage is fitted properly to the 
wave, in which case one side of the line can be cut and 
thrown away without disturbing the wave on the side 
connected to the generator, for then the voltage called 
for by the wave at the generator will be sustained by 
the generator, and the current called for by the wave 
at that point can flow in or out of the generator. This 
important matter in the present theory will now be 
developed in some detail. 

Fic. 5a illustrates a line grounded at O, open at b, 
with a standing voltage wave F and current wave J, 
both of quarter wave length. If this line were cut at A, 
the standing wave would be spoiled in both sections of 
the line, because, before the cut, each section of the 
line called for a current J, at A, and no current can 
exist at A if the wire is cut there. So, if the line segment 
A-B is sectionalized, it is not possible to have a standing 
wave fragment E,-E, on line A-B, nor the arc 
feb on O-A. 

Suppose that a generator is connected at A (Fic. 5a), 
so that E, can be sustained by it if necessary, and I, 


July, 1949 


GENERAL ELECTRIC REVIEW 


can flow in or out of it if necessary. The line can then 
be cut to the left of A, and the standing wave arcs 
F,-E, and I,-I, will persist on the-line segment A-B, 
independent of O-A. 

If the line were cut to the right of A (instead of to 
the left), then the lefthand arcs of standing wave 
would persist on the line segment O-A. 

By this means then, it is possible to sustain any arc 
of a sinusoidal standing wave on a line segment. with a 
properly adjusted alternator, with only the limitation 
that, at the open end of the line, the current arc has to be 
at zero, and the voltage arc at a crest; and at a grounded 
point, the voltage arc has to be at zero and the current arc 
at a crest. 

We are now in position to consider the case in which 
the standing wave adjusts itself to the alternator, 
instead of vice versa. 

An alternator G of arbitrary frequency f and voltage 
E, is connected at s to a line s-r™ (Fic. 5b). This fre- 
quency f may represent a wave length many times the 
length of the line. Let O-E, be a quarter of that wave 
length, with its crest at r, with the value E, at s, and 
zero at an extrapolated point O far away from s and 
such that the distance 


O-r =c/4f =d/4 (7) 


c being, as before, the velocity of a pure traveling wave 
on such a line, and the wave length. This establishes 
the voltage atc H.-H, and current arc J.-J, as-ahe 
only standing waves that can and must persist on this 
line. Any standing wave that does not fit these arcs 
cannot be sustained by the alternator and will be 
damped out; these arcs will be established and sus- 
tained. 

The length of line may be defined as s-r, purely 
symbolically; or as 1 miles, for the benefit of the line 
crew; or as y degrees (at 60 cps) for the information 
of the transmission engineer. 


NO-LOAD VOLTAGE DISTRIBUTION OF A LONG LINE 

The foregoing may now be recognized as giving the 
physics of the distribution of the no-load currents and 
voltages of a line—whether the line is long or short. 
From it, one can put down the following formulas by 
inspection. 

Referring to Fic. 5b, let y, be the angular distance, 
from the receiver end, of any point x along the line— 
that is, at a distance x from the receiver end—such 
that y,=27x/d. Then, identifying the no-load quantities 
by primes, 

E..=E, cos ¥x (8) 

I,=] (E,/Zo) sin ys - (9) 

The receiver voltage is not primed because we assume 
it constant from no load to full load. 


In these two simple equations we have the complete 
no-load current and voltage distributions along the 


(h)Symbol s for sending end, and r for receiving end, in accordance with 
usual notation. 
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line, except for the small effect of resistance, which will 
be considered later. 

For the voltage and current at the sending end, we 
will have, by Equations (8) and (9), 


E.=E, cos 7s (10) 
I,=] (E,/Zo) sin Ys (11) 


As the no-load current must be the charging current 
of the line, the sign of 7 must be positive to make the 
current leading. 

As an example, assume a 200-mile 60-cycle line, 
maintaining 220 kv between lines (127 kv to neutral) 
at the receiving end. Since 1.2 deg represents 10 miles, 
as previously mentioned, the angular length of the line 
will be 1.2°X20=24°. 

Since cos 24° is 0.91, it follows from Equation (10) 
that, at no load, the sending-end voltage will be 
0.91X127=115 kv to neutral; this is nine per cent 
less than the receiving-end voltage. 

Sin 24° is 0.41; if we assume 400 for Z, the no-load 
current at the sending end will be, by Equation (11) 


I, =] (127,000/400) X0.41 
=7 130 amp 


With 115 kv at the sending end, this current repre- 
sents 45,000 kva charging load. 

Particular attention is here called to the fact that 
these values—of voltage and current—were deter- 
mined without knowing the wire size, conductor spac- 
ing, or any hyperbolic mathematics. 


PERFORMANCE UNDER LOAD 

The resultant current and voltage distributions under 
load may be obtained by the superposition of the no- 
load distribution and the distribution caused exclu- 
sively by the load current. So we must consider now 
the standing waves of current and voltage occasioned 
exclusively by the load current. We shall represent 
these by E” and I”. 

To make certain that the double-primed quantities 
we obtain are truly those occasioned exclusively by the 
load current, while calculating them it is necessary and 
sufficient to assume that the receiver voltage is zero, 
as if the assumed load current were flowing into ground 
(short-circuit). This corresponds to the impedance test 
of the line. 

The standing waves of current and voltage repre- 
senting this condition are shown in Fic. 6. No matter 
what the value of J, may be, there is a voltage wave 
with which it can be associated as a free standing 
wave, E,, (the extropolated crest of the arc) being 
equal to 7/,Z». As the arc length is the same as before 
(24 deg), we notice in Fic. 6 that, compared with 
Fic. 5, the current and voltage waves are now inter- 
changed. That is, the distribution of the load current 
along the line is the duplicate of the distribution of the 
no-load voltage (to a different scale), and the distribu- 
tion of the reactive voltage drop caused by the load 


20 


GENERAL ELECTRIC REVIEW 


\ 

{ 

current is the duplicate (to a different scale) of th 

distribution of the no-load current. ! 
From Fic. 6, at any point along the line, at a distance 


x from the receiving end, I..=I, cos (22x/) 4 
(12) 

Since E,,=j1,Z, at any point x along the line the 
corresponding voltage occasioned by the load current 
will therefore be 


E..=j 1, Zosin (24x/d) 
=4 J, ZgSi ye 


= COS Ver 


(13) 
and 
B= I, Zosin ys (14) 


The resultant voltage and current along the line, 
then, will be 


E,=E,+E, 
=E,cosy,+j1,Zosiny, (15) 
I,=I,+1, 


=4 (E,/Z) siny,+1, cos yx (16) 
At the sending end, these will be 


138 ae E, cos (ios ey I, Zo sin Ys (17) 
I,=] (E,/Zo) sin y;+I, cos Ys (18) 
Em " - 
oe I Ir=l TN THE 
<2 05 ee nes 


Fig. 6. Standing waves of impedance voltage and load 
current on loaded line 


For a numerical example, considering the preceding 
case once more, we may assume that a system with a 
45,000-kva charging-current load deserves at least a 
145,000-kw revenue load—that is, 380 amp at the 
receiver bus. By Equation (13), or second term of 
Equation (17), such a load current will cause a total 
voltage drop along the line equal to E” =380400 
0.41=62.3 kv per phase at the sending end. This is 
equal to 54 percent of the sending-end voltage at no 
load (Fic. 7). Assuming the load as unity power factor, 
this drop will be in quadrature with the excitation 
voltage. Then, in order to deliver the rated voltage 
(127 kv) at the load, the sending-end voltage must be 
raised to 


FE, = (115°+62.3%)?=131 ky. 


This 131 kv, required at the sending-end at full load, 
is 14 percent higher than the necessary no-load voltage 
at the sending end. Therefore, there will be a 14 percent 
voltage rise at the receiving end when the load goes 
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off if nothing is done to reduce the voltage at the 
sending end. 

If we wish to eliminate this 14 percent voltage rise at 
the receiving end when the load goes off, we must draw 
some leading current at the receiving end at full load 
so that no change in sending-end voltage will be neces- 
sary from no load to full load. Just how much this 
leading current should be can be ascertained by recon- 
sidering Fic. 7, in which vector A, perpendicular to the 
unity-power-factor impedance voltage, is the possible 
reduction in the sending-end excitation on account of 
the proposed leading-current load. What should A be 
so that the new (dotted) hypotenuse, as the new full- 
load voltage at the sending end, shall be the same 
magnitude as the necessary no-load voltage? Solving 
the triangle, it is seen that A must be 29.5 percent of 
the no-load sending-end voltage. As 145,000 kva was 
Seen to produce an impedance voltage rising to 54 
percent at the sending end, this desired corrective 
29.2 percent voltage will call for a 0.292 145,000 = 
42,300 kva leading current load at the receiving end. 

We are ready now to answer another question. It 
will be remembered that, at no load, the sending-end 
voltage was 115 kv, and the receiving-end voltage 
127 kv (Fic. 8). If it should be desired to make the 
sending-end and receiving-end voltages equal to each 
other at all loads, then at no load the receiver will have 
to draw a wattless lagging kv-a to superimpose on A, 
namely, the curve B rising to a value of 12 kv, to make 
the sending-end voltage 127 kv—that is, 10 percent 
higher. As full load caused a 54 percent vector voltage 
rise at the sending end, the desired 10 percent vector 
voltage rise in this case will be produced by (10/54) X 
145,000 kva, about 27,000 kva. Curves A and B are 
combined arithmetically, because both are produced at 


14% 

Sending-end voltage 
at full load 

54% Series 
impedance drop 

for unity RF load 


Trec 100% (=115 kv ) 
Sending-end voltage 
at no load 
Fig. 7. Vector diagram for loaded line 
115 kv 
127 kv 
A 
Fig. 8. Compensating leading kva 
voltage for loaded line 
12 kv 
B 
24° 0° 


Fig. 9. Reconstruction of Fig. 7 to 
establish load in terms of compen- 


sated values 


100% = 127 kv 
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no load by wattless currents and are in time-phase with 
each other. 

If the sending-end voltage is raised 10 percent to 
127 kv and maintained at that value, the corrective 
kva needed at full load will now be different. The 
54 percent impedance rise (62.3 kv) appearing earlier 
will now be a smaller percentage of sending-end volt- 
age, namely 49 percent. Reconstructing Fic. 7 in Fic. 9 
to the new base, and solving the triangle, A’ is found 
equal to 12.75 percent, calling for (12.75/49) 145,000 = 
37,700 kva leading corrective current at full load.” 

If a synchronous conductance is used for the reactive 
kva control, its duty will be 26,800 kva lagging at no 
load, and 37,700 kva leading at unity power factor 
full load. 

As another interesting example, let us consider the 
“surge-impedance loading’ of this limes athacaeice 
making the load equivalent to a 400-ohm resistance, in 
which case the load current will correspond to the 
standing current wave associated with a 127-kv (per 
phase) standing voltage wave on a grounded line. This 
makes the load current equal to 317 amp, or 120,000 kw 
three-phase. This is 17 percent smaller than the load 
in the preceding case. With this load, the E,, in Fic. 6 
will be the same as the receiver voltage, and therefore 
in Equation (15) I,Z» will equal E,, so that Equation 
(15) can be written as 


(19) 


The magnitude of the complex quantity inside the 
parentheses is unity for all values of y,; and, there- 
fore, at full load the magnitude (rms) of the voltage 
will be the same all along the line no matter how long 
the line may be. Only the phase of the voltage will 
change along the line. The vector voltage distribution 
curve will then be a Brobdingnagian corkscrew with 
a 3100-mile pitch, the radius of the screw representing 
the vector voltage, with its magnitude constant every- 
where regardless of the length of the screw, and with 
its orientation (phase) changing through 1.2 deg for 
every 10-mile advance along the axis of the screw, a 
180-deg turn for every 1550 miles. At other loads, we 
still have the corkscrew but its diameter will be 
nonuniform. 

The constancy of the voltage all along the line for 
surge-impedance loading must not tempt us to think 
that the inherent voltage regulation of the system is 
now zero. In the AIEE parlance, voltage regulation 
means the rise in voltage when the load goes off. The 
necessary no-load sending-end voltage of this system, 
corresponding to 100 percent voltage at the receiving 
end, is still 91 percent; and as, under surge-impedance 
loading, the full-load voltage at the sending end must 
be set at 100 percent, the inherent voltage regulation 
of this 200-mile circuit (when the load goes off) will be 
10 percent. If the line were still longer, its necessary 
no-load sending-end voltage would be still smaller, and 


Hae =E, (cos Yx Fy. sin i) 


@AMl calculations in this article have been made on a 10-in. slide rule, so 
complete reliance cannot be placed on the third significant figure. 

(j) On this interesting subject see a paper by Edith Clarke and S. B. Crary, 
entitled “Stability Limits of Long-Distance A-C Power-Transmission Sys- 
tems,” in Trans. of AIEE, Vol. 60, 1941, p. 1051. 
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therefore its voltage regulation when the load goes off 
would be correspondingly larger. On a resistanceless 
775-mile line—that is, of quarter wave length—the 
receiver voltage would rise to infinity if the breaker at 
the receiving end should trip at full load to clear a 
fault. Of course, a long line is not left to its inherent 
voltage regulation, but is provided with automatic 
controls; and no straight-away line at the present time 
has a length comparable to quarter wave length. 


EFFECT OF RESISTANCE AND LEAKAGE CONDUCTANCE 

Resistance in the line and possible leakage conduct- 
ance in the dielectric have so far been neglected in this 
article so as not to obscure the physics of the general 
phenomena caused by the inductance and the capaci- 
tance of the line. It would seem to be hardly necessary 
to point out that, in general, resistance drop will 
render the voltage regulation of a line considerably 
worse than in the foregoing examples. What may not 
be obvious is a precise method of calculation of the 
effect of resistance because, in the general case, both 
the magnitude and phase of voltage and current will 
change along the line. Approximate methods of calcu- 
lation will readily suggest themselves, but as all our 
formulations in the foregoing were simple, direct and 
rigorous, let us see if the physics we have already 
built up will not lead to an equally direct and rigorous 
formulation of the resistance effects. 
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y 
> 
The circuit parameters with which our physical 
picture was built up were the surge impedance Zp and 
angular value y of the line. As both of these were 
functions of the inductance and capacitance of the line, 
their formulas could be transformed into vector form, 
in terms of reactance and susceptance, after which it 
becomes an elementary matter to generalize from react- 
ance to impedance, and from susceptance to admit- 
tance, thus automatically including series resistance 
and shunt conductance in our Equations (15) to (18). 
Thus? 


(a). Considering surge impedance, this was expressed 
in Equation (6) in terms of reactance and susceptance 
as 


Zy=(X1/Bc)'=({X1/jBc)' (20) 
and obviously all that this needs to include the losses 
is to change the symbols from 7X, to Z, and from 
7Bc to Ye, giving 
(21) 
(22) 


Zo = (Z,/ Yc)? 
=[(R+jX1)/(G+jBc)]’ 


(b). Considering the angle y, this was defined in 
terms of the distance x from the receiving end, fre- 
quency, and velocity as 


(23) 


Vx =2ax/dK=2afx/c 


and, in the absence of losses, the value of c was properly 
taken as the velocity of light in free (loss-free) space. 
Following the procedure in (a), all we have to do now 
is to express c in terms of L and C, transform it into 
terms of X; and Bc, and then to Z, and Yc. 

It is well-known that the velocity c along a loss-free 
line is given by 


c=1/(LC)} (24) 
This substituted into Equation (23) gives 
Yx=2fx(LC)* radians (25a) 
Combining the 22f with L and C, 
¥x=%«(X1Bc)'! =x[-(GX1)GBo)]} (25b) 
Generalizing from reactance to impedance, 
Yx=x(—Z, Yc)’ radians (26) 
and 
7 per unit length =(—Z,Y )' radians (27) 


When the numerical values of the factors in Equa- 
tion (27) are known, y is evidently reducible into an_ 
ordinary complex number like (a+7b). 

With Z) and y as newly defined and generalized, 
the current and voltage Equations (15) to (18) apply 
generally, and computations can be made using tables 
of sines and cosines of complex angles.“ 


‘k)For anyone interested in a physical interpretation of compl 
) I ex an 
and their functions, reference may be made to a paper by the awehon cone 
Physical Interpretation of Complex Angles and Their Functions” in Trans 
of AIEE, 1923, pages 279-288. The relationship between trigonometric and 
piper bake per etie g 2 i Sve in that paper. If one has access to 
ables of hyperbolic instead of circular functions of complex 
may be used, remembering that pep eniien, ea 


cos (a -+jb) =cosh (-b+ja) and sin (a+jb) =-jsinh (-b +a). 


July, 1949 


Over 50,000 Hours in Operation 
...and still going strong! 


That’s an easy way to describe Mallory Magnesium- 
Copper Sulfide Rectifiers. They are built tough to give 
maximum service for a maximum period of time, even 
operating under the most rugged conditions. The Mallory 
Mg-CuS Rectifier in this Rectoplater was in operation 24 
hours a day, seven days a week during the war years. 
Since the war, operations have been cut to 16 hours a 
day, six days a week. Humidity and temperature con- 
ditions are those typical of most plating shops. The 
rectifier is still operating efficiently with a current load of 


approximately 700 amperes at 12 volts. 


Mallory Magnesium-Copper Sulfide Rectifier Stacks are 
practically immune to damage or abuse. The stack is 
self-contained with no liquids, bulbs or moving parts— 
rectification is confined to the core—the outside fins are 
for heat dissipation only. Rectifier junctions are made so 
that they actually heal themselves. That’s why Mallory 
Magnesium-Copper Sulfide Rectifier Stacks are more than 
“the world’s toughest rectifiers”. 
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SIMPLE NEW PARALLEL CIRCUIT 
SOLVES OLD MEASUREMENT PROBLEM 


Fundamental principle of thermal effects applied to new demand meters 
provides a relatively low-cost method of measuring maximum demand 


of amperes, watts, or kilovolt-amperes in combination with watthours 


By E. E. LYNCH 


Meter and Instrument Divisions, General Electric Company 


HE basic circuit shown in Fic. 1 is of great 1m- 
portance in a new solution of an old problem—that 
of measuring kva demand in a simple low-cost manner. 
The use of this simple parallel circuit to accomplish the 


V =VOLTAGE 


i, =LOAD CURRENT 

ipsig 7PARALLEL CURRENTS, 
Ri =Rp +Re 
Re=Ro+Ry 
R =RESISTOR (Zero or negative temp. coef. of resistance) 
Re=BIMETAL HEATER DRIVING DOWNSCALE (Cooler) 
R,2zBIMETAL HEATER DRIVING UPSCALE (Hotter) 
Ro=LOAD COMPENSATING RESISTOR (Temp. sensitive) 
Rp= "VOLTAGE CHANGE" DETECTOR & COMPENSATING 

RESISTOR ( Temp. sensitive) 


Fig. 1. Basic circuit of new volt-ampere demand meter 


result is made possible by the thermal effects intro- 
duced into the resistances of the circuit. The electric 
and thermal networks represented by this diagram 
furnish a good basis for a thermal volt-ampere demand 
meter that can be combined with a conventional 
mechanism for measuring watthours as shown in Fic. 
2. This particular combination is an advance in the 
art of metering, and it will be appreciated especially 
by those concerned with measuring both kilowatt-hours 
and kilovolt-ampere demand. 

This practical application of the circuit has been 
made, utilizing many components previously available 
in ampere or watt demand meters. Thus, the family of 
thermal demand meters has a new addition which has 
the thermal and mechanical advantages of the older 
members. These advantages can best be appreciated 
after a review of demand metering in general and 
thermal meters in particular. 

Demand metering itself is not new. It is a measure- 
ment to obtain a result which depends on a combination 
of factors including the magnitude of the quantity in- 


This article is so paged that, without mutilating other articles, it can be 
readily removed for filing as a group of full-size consecutive pages.—EpirTor 
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volved and the time during which the quantity has the 
determined values. Electricity rates often have clauses 
in them which utilize demand measurements to obtain 
more equitable and easily explainable reasons for the 
charges made for power. It is relatively simple to under- 
stand that twice the amount of power used during half 
the time is more costly, even though it represents the 
same amount of energy. The reason for this is that 
greater capacity of equipment is required. 

Mechanically actuated demand meters usually ob- 
tain the combination of factors desired by integrating 
the quantity (watts, for instance) over a definite time 
interval (say, 15 min). The result is a function of both 
power and time and is initiated at each time interval. 
It is usually the maximum demand between periods of 
reading (such as monthly) that is used to determine the 
consumer’s charge. 

Thermally actuated demand meters combine the 
desired factors in a different manner and yet in a fashion 
that has proved suitable and frequently desirable. If 
heat is generated at a rate proportional to the quantity 
involved, the temperature rise of a mass of material is 
affected by the instantaneous magnitude of the quantity 
and _ also to a different degree by the heat generated by 


FLECTRIC 
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Fig. 2. A combination watthour and thermal kilovolt-ampere maxi- 
mum demand meter (cover removed) 
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past magnitudes of the quantity because this heat has 
not had time to dissipate entirely. The effectiveness of 
past magnitudes on the registration is accurately con- 
trolled and usually is made to approach standardized 
specified values with elapsed time. The temperature is 
usually measured with a bimetal actuator type of 
primary detector. The demand interval of such a 
“lagged-demand” meter is considered to be the time 
required for the meter to indicate 90 percent of the full 
value of a constant load suddenly applied, and 15 min 
is a typical demand interval. With a constant load, the 
mechanical and the thermal demand meters will register 


essentially the same demand after three demand 
intervals. 


BASIC CIRCUIT FOR AMPERE DEMAND MEASUREMENT 


Amperes squared demand or ampere demand (on a 
“squared” scale) was one of the first quantities for 


BUILT-IN AUXILIARY MEANS 


PRIMARY DETECTOR 


END DEVICE 


AMPERE 
DEMAND 


WATT 
DEMAND 


DEMAND 
7 


€ 


Fig. 3. Functional analysis diagrams of thermal ampere, watt, and volt- 
ampere demand meters (Ri, Rt, Ra, Rt, Rc, Rw are bimetals) 


which thermal maximum demand meters were built 
in commercial quantities. The functional diagram of 
such a meter arranged to take advantage of the more 
efficient heating technique, utilizing directly heated 
bimetals, is shown in sketch A, Fic. 3. The center spiral 
in sketches A, B, and C is a lead-in spiral; but both end 
spirals in each sketch are bimetals which are wound in 
opposite directions and, therefore, are the major factors 
in ambient temperature compensation. The current 
heats the bimetal R; because of its resistance; and its 
deflection resulting from the temperature rise is shown 
on a pointer and scale end device. 


WATT DEMAND MEASUREMENT 

Sketch B in Fic. 3 shows the adaptation of the same 
primary detector to watt demand measurement. Such 
a meter has been described in the technical literature 
and with the direct-heated feature seems especially well 
adapted to short testing methods®. Similar meters 
without the direct heating feature were available at a 
much earlier date). Now, not only is the direct-heated 
feature desirable, but it is also desirable to combine 


(1)Numbered references are listed at the end of the article. 
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it with a conventional watthour meter mechanism, as 
illustrated in Fic. 4. 

The pointer at the left in Fic. 4 is directly connected 
to the thermally actuated demand mechanism and 
moves up and down scale in accordance with changes 
in the demand. When its movement up scale brings it 
in contact with the second pointer, it pushes that 
pointer along with it as far as it goes. The second pointer 
then remains—friction ield—in that position and hence 
indicates the maximum demand. Periodically, the 
meter reader resets this pointer to coincide with the 
position of the first pointer at that time. Thus, the 
power supplier and the consumer are informed as to 
what was the maximum demand made during the 
current period, and also the consumer can note his 
operating demand from time to time for purpose of 
applying better control if needed. 


From sketch B in Fic. 3, it can be seen that the 
currents through R, and R, are proportional respec- 
tively to (ty —1, cos 0) and (ty+z7z cos @). Here zy is pro- 
portional to the voltage, 7; is proportional to the line 
current, and @ is the power-factor angle. Torques de- 
veloped are proportional to the temperature or the 
squares of the currents through R, and through R;. Since 
the torques buck each other on the shaft, the binomial 
expansion of (zy-+7;, cos 0)?—(iy—iz cos §)? represents 
the net torque. It is (477, cos 9), and it is well known 
that this is proportional to single-phase power. 

It has been pointed out that time is an important 
factor in demand measurements; and although ampere 
demand and watt demand are distinctly different 
quantities, it is, nevertheless, desired by some users of 
demand meters to have the time of response of their 
ampere demand meters agree with the time of response 
of their watt demand meters. To have the time interval 
of the uniform-scale watt demand meter in agreement 
with the squared-scale ampere demand meter, it is 


Fig. 4. Front view of new combination watthour and thermal kilo- 
watt maximum demand meter 


a) 


necessary to modify either the heat escape or the mass 
of the heated elements. A simple solution is to use 
shafts with different heat conductivities for the two 
conditions. This has proved satisfactory and has made 
possible the use of many interchangeable parts between 
the two meters. 


THE NEW KVA CIRCUIT 

The recent discovery of the possibilites of the cir- 
cuit shown in Fic. 1 has made it possible to increase the 
thermal demand family as shown in sketch C, Fic 3. 
Such a volt-ampere demand meter is small, compact, 
relatively low cost, free from maintenance, utilizes 
many standard parts interchangeable with other 
demand meters in the same family, is independent of 
load power factors, has no fast-moving parts, and can 
easily be combined with a watthour meter. It offers 
greater opportunity to include maximum volt-ampere 
demand features in rate structures, thereby extending 
the advantage of possible rewards to users of power at 
high power factors. Although this feature has been 
accomplished by other means in the past, it has usually 
been restricted to large uses of power, partly because 
of the cost of metering involved. 


OPERATING PRINCIPLES 

The theory of operation is relatively simple. If 
resistor R of sketch C in Fic. 3 were connected across 
a constant voltage, the circuit could then be used as 
an ampere demand meter. Rp+Kc should be greater 
than Ro+Rgy to have iy larger than 7c for a given 7;. 
The important fact is that even with nonlinear resistors 
for Rp and Ro (which change their resistance with 
change in current through them because of self heat) 
there will always be a definite value after equilibrium 
conditions have been attained for each of the param- 
eters 77, tc, Rp, Ro, Ry, and Rc for a given value of 7. 
Thus, there will be a definite indication of the pointer 
for each value of line current. The scale distribution 
may or may not be of the squared-scale type, depending 
on the nonlinearity of the resistors involved. 

The nonlinearity of the resistor Rp makes it possible 
to alter the registration as the voltage changes, if 
the heater R is connected across the voltage. An in- 
crease in voltage heats Rp, increases its resistance, and 
causes more current to flow in the zy leg of the parallel 
circuit, thus increasing the reading. The mathematical 
calculation of the function of change in resistance Rp 
with change in voltage is complex; but by suitable 
control of conduction and radiation, a resistance-valve 
tube containing R and Rp, shown in Fic. 5, has been 
developed to adequately cover the range of plus or 
minus 10 percent voltage. 

The resistance valve contains a heater resistor R 
with a zero or slightly negative temperature coefficient 
of resistance and a heated resistor Rp with a relatively 
high positive temperature coefficient of resistance. Only 
three leads are used in the production form of the 
tube; one lead is common to both resistors, and the 
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other two leads are attached to the other ends of cack 


resistor. . 
Although a large part of ambient temperature effects 


are compensated by having ‘“bucking”’ bimetal spirals, : 
as shown by Rc and Rg, on the ends of the shaft, and 
by special design of the nonlinear characteristics of Ro 
to match those of Rp, nevertheless, it has been found 
that in practical meters an additional compensation is 
required, varying from almost nothing at zero indication 
to an appreciable amount at full scale. This compensa- 
tion is satisfactorily obtained by a specially .designed 
mechanical linkage (not shown in the sketches) whose 


Fig. 5. 


Resistance valve used in new volt-ampere meter 


effective ratio varies very closely with the compensation 
desired for various pointer positions on the scale. At 
zero indication, a mechanical link pulls almost directly 
through the pointer-shaft axis and thus can exert no 
torque on the shaft. At up-scale positions of the pointer, 
the linkage does not pull through the axis and hence 
does exert a torque on the shaft. The magnitude of the 
pull is determined by a bimetal spiral (not shown) and, 
therefore, is proportional to the ambient temperature. 
The torque on the shaft is thus a function of both the 
ambient temperature and the pointer position. 


CONCLUSIONS 


This analysis of the fundamental principles indicates 
the possibilities that now exist for measuring maximum 
demands of amperes, watts, or volt-amperes in com- 
bination with watthours in a relatively low-cost man- 
ner. This will be of particular interest to measurement 
engineers and to those who have wished for such 
meters in the past when they were not all available. 
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Once there was a goose. A strange and wonderful goose called Business. 


It laid big, glittering, golden eggs. These remarkable eggs were known as 
Profits. Many things came from these Profits — new factories . . - more 
meen turning out more goods... more jobs for more wage earners. Now 
there were certain folks who thought up the idea that if they killed Business 
(the goose) they would have all the Profits for themselves. So they fash- 
ioned an ax — out of taxes — and hacked away and soon the goose was 
dead: But when they slit the goose open, alas — not even a glimmer of a 


golden egg anywhere in its innards. The moral 


is plain. Tax Business to death and all the benefits 


we all enjoy from profits will likewise be destroyed. 
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PROTECTIVE ATMOSPHERES IN INDUSTRY . Part VIII 


Brief descriptions of a variety of typical instruments used for 
analyzing the various industrial types of gases, and the general 
principles upon which the operation of these instruments is based 


By A. G. HOTCHKISS and H. M. WEBBER 


Industrial Heating Divisions, General Electric Company 


HERE is a wide variety of instruments for an- 

alyzing, controlling, and measuring gases used as 
protective atmospheres. Although space limitations 
will not permit describing all makes of each type or even 
listing all of them, a few typical ones are presented to 
illustrate the convenience and helpfulness of having 
such equipments available, and to convey the general 
principles upon which they operate. A user would, of 
course, select an equipment to most nearly fulfill the 
majority of his requirements. Units are often suitable 
for use with various types of gases, or mixtures of 
gases. Table I* itemizes the various gases most com- 
monly encountered in protective atmospheres; those 
gases and others will be considered together with the 
equipments commonly used in connection with them. 


QUANTITATIVE GAS ANALYZERS 


Quantitative gas analyzers can be broadly grouped 
into two types—manual and automatic. The manual 
types are used periodically to check either the complete 
analysis of a gaseous mixture, or to check some one 
constituent the presence or absence of which is a con- 
trolling factor in the process using the protective at- 
mosphere. The automatic types generally make a con- 
stant or periodic check of some one controlling con- 
stituent, and either indicate or record the result, or 
both. The automatic types can sometimes be utilized 
also with auxiliary devices to control the amount of 
the constituent as well as to measure it. 


MANUAL-TYPE ANALYZERS 
For Complete Analysis 

Equipments to give complete quantitative analyses 
of gaseous mixtures are sometimes used in laboratories 
of plants where protective atmospheres are employed, 
particularly where there may be a variety of atmos- 
pheres and applications of them. Such analyzers are 
useful, for example, in checking the analysis of the fuel 
oS ee eee 


*The following will facilitate the location of material published 
in earlier parts of this serial: 


Part Issue Figs. Equations Tables Footnotes 
Part I Nov. 1948, p.29 1to 6 None IT and II None 
Part Il Dec. 1948,p.41 7to14 (1) to(18) IIIlandIV (1) to (9) 
Part III Feb. 1949, p. 37 15 to 23 None V and VI None 
Part IV Mar. 1949, p. 25 24 to 35 None VII None 
Part V Apr. 1949, p. 25 36 to 41 None VIII to X (10) and (11) 
Part VI May 1949, p. 30 42 to 54 None XI to XII (12) 
Part VII June 1949, p. 33 55 to 70 None XIII to XV (13) to (17) 
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gas supplied to exothermic or endothermic atmosphere- 
gas producers, and of their product gases, to compare 
the effects of changes of fuel gas analyses upon the 
gases produced. Constituents measured could be COs, 
illuminants (unsaturated hydrocarbons), Ox, CO, Ha, 
CHa, and Nz. The need for such information, however, 
is generally infrequent. As a result, the more common 
practice is to refer such problems to local gas com- 
panies or commercial laboratories, and utilize in the 
plants simple portable devices for checking single con- 
stituents, such as carbon dioxide and/or water vapor, 
which may be guiding factors. 

When the composition of gases is being found by quan- 
titative chemical analysis, the measurements are based 
on volume changes of a sample of the gas as the various 
constituents are removed from it. For accurate meas- 
urements, the temperature of the sample must remain 
constant from start to finish of the period during which 
the sample is being analyzed. Also, when readings are 
taken, the sample must be at exactly atmospheric pres- 
sure. Provisions are generally made in the analyzers to 
meet these requirements. The various constituents must 
be removed in a definite order, and there can be no 
short-cut unless it is positively known that a certain 


‘ constituent is not present. 


Complete analysis of a gaseous mixture is generally 
divided into two parts: first, the absorption phase, and 


Fig. 71. Orsat analyzer for quantitatively determining percentage of 
CO2, Oz, and CO by chemical absorption 
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second, the burning or explosion phase. CO,, O., and 
CO are removed by chemical absorption in the order 
named. This is generally called the Orsat principle. 
Orsat analyzers can be obtained for measuring only 
CO, or Os, or for COs, Ov, and CO, typical of which is 
the Hays Orsat gas analyzer shown in Fic. 71, made by 
the Hays Corporation, Michigan City (Indiana). The 
unit is portable, and permits relatively rapid analyses. 
The burette is graduated in steps of 0.2 percent, and it 
can be read to about 0.1 percent. 

In operation, a sample of the gas mixture is trapped in 
the glass water-jacketed calibrated chamber at the 
right, and its volume is accurately measured. The sam- 
ple is then passed through an absorbing medium in one 
of the three glass absorption pipettes immediately to 
the left, where CO, is removed from the mixture. The 
gas sample is then returned to the measuring chamber 
where its volume is again indicated. The difference be- 
tween the volume before and after absorption gives the 
percentage of CO, absorbed by the medium. In similar 
fashion, the O, and the CO contents are determined 
(in consecutive order) in the other absorbing pipettes. 
Manipulation of the gases from one chamber to the 
other is accomplished by raising and lowering the 
water-levelling bottle and turning the cocks in the gas- 
connecting line. 

The second phase of a complete analysis consists of 
testing for H, or hydrocarbons. This requires consum- 
ing the H, and hydrocarbons by explosion or slow- 
burning. A unit which utilizes the explosion method is 
the Morehead burette offered by E. H. Sargent & Com- 
pany, Chicago. In the hands of an experienced and 
skilled operator, it affords a convenient and easy means 
of obtaining a rather complete gas analysis. It can 
measure hydrogen concentrations from 100 percent 
down to about 12 percent when exploding with air, and 
down to about 6 percent when exploding with oxygen. 
The burette is graduated in steps of 0.2 percent but can 
be read to about 0.1 percent. The unit is a laboratory 
type, and it is not portable. 

A typical Morehead burette is illustrated in Fic. 72. 
At the left is a glass water-jacketed burette having a 
sraduated scale, in which the gas volume is measured 
before and after some of the absorbing liquid (similar 
-o that used in the Orsat) is passed through it. This unit 
liffers from the Orsat in that fresh chemical absorbent 
s used and thrown away for each measurement, 
whereas the Orsat chemical is used over and over by 
pubbling the gas through it. 

After the CO,, O2, and CO have been absorbed, the 
‘emaining portion of the sample contains Hy, hydrocar- 
yons,.and N». A measured amount of the sample is 
nixed with air or O, and the mixture is exploded by a 
park which is made to jump between two electrodes in 
he top section of the burette. The He will be burned to 
{,0 and the hydrocarbons to H,O and CQ,. The con- 
raction due to the burning is observed (after the re- 
naining gas sample is allowed to cool to burette tem- 
erature). Then the CO, formed is absorbed and another 
eading is taken. By using the two contractions and 
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substituting their values in formulas, the percentage of 
H, and the percentage of hydrocarbons (assumed to be 
CH4) can be determined. 

For lower hydrogen concentrations, down to 0.1 per- 
cent, and for more sensitive readings of all constituents, 
the Fisher Scientific Company, Pittsburgh (Pa.), offers 
its Universal (Type A or Type C) gas-analyzing appa- 
ratus. The Type A apparatus is graduated in steps of 
0.1 percent but can be read to about 0.05 percent. 


Fig. 72. Morehead burette used for obtaining a rather 
complete gas analysis, including Hz, hydrocarbons, and Ne 


These types, too, are laboratory units which are 
similar to the Orsat analyzer in that they have three 
permanently mounted absorption pipettes for the ab- 
sorbing solutions, suitable glass tubing, and cocks for 
directing passage of the gas. The hydrogen and methane 
contents of the sample are determined in a fourth unit, 
by slow burning over hot copper oxide or a heated palla- 
dium catalyst. The volume of the gas sample is measured 
in a water-jacketed glass burette. 


For Partial Analysis of Individual Constituents 

Usually it is unnecessary to make a complete analysis 
of a gaseous mixture, and determination of one or two 
constituents will suffice. Some typical examples of the 
latter will now be given. 

Carbon Dioxide. Carbon dioxide appears in com- 
busted fuel gas which is either partially or completely 
burned. Fic. 28 in Part IV shows by curves that changes 
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in carbon-dioxide content are indicative of changes in 
the other constituents, which can also be read on curves 
in the same illustration. Since carbon dioxide can be 
measured easily and quickly, its content therefore 
serves as a useful guide and a quick check on the entire 


gas analysis. 

On the other hand, some furnace atmospheres, such 
as Neutralene (E2a-b-c) or Thermalene (Fla), in Table 
I, give best results when they have 0.0 percent carbon 
dioxide. The effectiveness of such atmospheres, there- 
fore, is quickly determined by a check of the CO, 
content, for which the following instruments are 
available. 

The Orsat analyzer, already described, is commonly 
utilized for measuring CO,. Another effective device is 
the Fyrite CO, analyzer made by the Bacharach In- 
dustrial Instrument Company, Pittsburgh (Pa.). This 
unit, shown in Fic. 73, gives a sufficiently accurate 
reading for a quick check, and has the advantages of 
low initial cost, and it is easy to use and to handle, 
since it is small and portable. A test can be made in 
about 40 sec. 

The Fyrite analyzer is graduated in steps of 0.5 per- 
cent, but it can be read to about 0.25 percent. If it is 
desired to measure more accurately than can be done 
with the Orsat or Fyrite instruments, which is some- 
times the case with combusted-gases which are purified 
to be CO,-free, the Fisher Universal Type A gas- 
analyzing apparatus already described is sensitive for 
reading CO, to about 0.05 percent. 

The Fyrite unit operates on the Orsat absorption 
principle. A gas sample is simply pumped into the 
outfit, the analyzer is turned upside down while the 
liquid flows through the absorption tube, and the unit 
is then turned upright again for repeating the absorp- 
tion cycle. Any change in the height of the liquid 
column, when comparing readings taken before and 
after these operations, indicates the CO, content of the 
gas sample. 

Fig. 74. 


Fig. 73. 
tion used, 


COz or Oz, depending on solu- 
can be measured by this 


Fyrite analyzer 


General Electric dew-point indicator used for 
determining moisture content of protective atmospheres 
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Oxygen. Sometimes it is desirable to determine the: 
oxygen content of a furnace atmosphere, to learn the. 
degree of purging when starting up a furnace. Informa- 
tion of this type is valuable for reasons of safety when | 
using combustible atmospheres, and often serves to 
protect the quality of work to be treated in the atmos- 
pheres. For this purpose, the Orsat, or Fyrite analyzer 
like that shown in Fic. 73, with suitable solution, is 
commonly used for a quick check. 

Carbon Monoxide. The high-ratio-type atmosphere- 
gas converter commonly operates at complete combus- 
tion to provide inert gas suitable for bright-annealing 
copper and numerous other applications listed in Table 
II. As indicated in Fic. 28, line C, the combusted-gas 
at this point contains about 0.7 percent CO and 0.7 
percent Hy). Accordingly, a quick check of the CO 
content will indicate whether the gas is satisfactory. 
Such determinations are often made with an Orsat 
analyzer, after removing CO, and O, from the sample. 

Hydrogen. High concentrations of hydrogen, such as 
are found in coke-oven gas, partially burned fuel gas, 
and Neutralene (Ela and E2a, Table I), and cata- 
lytically reacted fuel gas (Thermalene, Fla, Table I), 
can be determined in a Morehead burette or Fisher 
Universal (Type A or Type C) analyzing apparatus al- 
ready described. Concentrations lower than 6 percent 
must be determined in the Fisher apparatus, which has 
the slow-burning feature, or in some other device 
suitable for low Ho. 

Methane. Methane appears in natural gas as the 
highest single constituent (80 to 95 percent); in coke- 
oven gas in reasonably large amounts (20 to 30 percent); 
and in partially burned fuel gas, Neutralene, and 
Thermalene (Ela, E2a, and Fla, Table I) at about 1.5 
percent concentration. Since CH, is a carburizing con- 


Fig. 75. 
analyzer, 


Ranarex furnace atmosphere 
indicating and _ recording 


type. Useful for CO, determination. 
Unit operates on the specific-gravity 
principle 
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stituent in the latter protective atmospheres for fur- 
1aces, and thus aids in carburizing or prevention of de- 
sarburizing, even in small concentrations, knowledge of 
ts amount is often valuable information. Determina- 
on of the CH, content is usually made in equipments 
such as the Morehead burette or Fisher Oo Wor 
Type C) analyzing apparatus. 

Nitrogen. Many protective atmospheres consist com- 
pletely or partially of nitrogen, such as some of the 
yases listed in Table I. Nitrogen, being inert, does not 
end itself to any commercial testing methods. As a 
result, the nitrogen content of a gaseous mixture is 
yenerally determined by difference; that is, all the other 
sonstituents are determined and the remainder is as- 
sumed to be nitrogen. Thus, the Morehead burette or 
Fisher analyzing apparatus is the type of equipment 
pest suited to determination of the nitrogen content. 

Water Vapor. Occasionally it is necessary to deter- 
mine the moisture content of a gas, because this factor 
xften has a direct bearing on the results obtained. It is 
sometimes necessary or desirable to check, for example, 
che dew point of a gas entering and leaving a refriger- 
uted-gas cooler or regenerative-type dryer. The dew 
point of gas samples taken from furnace chambers is 
sometimes needed, in comparison with entering dew 
s0int, to determine the amount of increase in H,O, if 
any. Since CO: reacts with Hz to form H,O and CO 
Equation (13)), an increase in the dew point of sup- 
yosedly CO,-free dry atmosphere containing H, will 
ndicate the presence of CO, in that atmosphere as 
yeing the real source of the H,O. Thus, the dew-point 
letermination is a good all-round method of making a 
yuick check to see whether conditions are right through- 
mut the system. 

The General Electric dew-point indicator“, Fic. 74, 
yeing portable and manually operated, is handy for 
‘hecking protective atmospheres. It comes in two 
anges: +110 to —60F, and +110 to —100 F. 

A reading can be taken on the dew-point indicator 
vithin 30 to 60 sec after purging it. A small stream of 
he gas to be tested is conducted through a compart- 
nent of the instrument where it comes in contact with 
1 thin metallic mirror to which a thermocouple is at- 
ached. This thermocouple is connected to a poten- 
iometer and an indicating meter, the scale of which is 
alibrated in degrees F. A window is provided in the gas 
hhamber so that the illuminated mirror can be ob- 
erved through the magnifying glass supplied with the 
ndicator. The mirror is cooled by directing a small 
tream of cooling gas, such as carbon dioxide (from a 
eparate tank), on the back of the mirror. When taking 
he measurements, the operator increases the flow of 
his cooling gas against the mirror until a spot of 
noisture condenses on its surface. A slight decrease and 
nerease of the flow of the cooling gas will then cause 
Iternate evaporation and condensation of moisture on 
he mirror, until the true dew point is reached. The dew- 
oint temperature is read directly on the indicating in- 
trument and can be converted to actual moisture 
ontent by a simple chart, or data given in Table Vil 
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For readings down to about —40 F, a super-dry 
grade of liquid CO, contained in small cylinders is gen- 
erally used. For lower temperatures“) other gases, such 
as super-dry nitrogen, are used; they are passed through 
a copper coil which is immersed in a flask of liquid 
nitrogen. 
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produced by gas and 
that produced by air 
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Fig. 76. Phantom view of Ranarex analyzer illustrating effects of rota- 
tion of the impeller and impulse wheels with air in one set and the gas 
sample in the other 


AUTOMATIC-TYPE ANALYZERS 


For Partial Analyses of Individual Constituents 


Automatic analyzers, which take continuous or 
periodic samples of gases, are not common for making 
complete analyses. But many types are available to 
determine certain individual constituents, a few of 
which are described for the gases indicated. 


Carbon Dioxide. Among continuous-type CQO, an- 
alyzers which have been found convenient is the Ran- 
arex furnace-atmosphere analyzer) made by the Per- 
mutit Company, New York (N. Y.). The unit is sen- 
sitive to slight changes in CO, content of the gaseous 
mixture being measured. It is available in two types— 
as an indicating and round-chart recording instrument 
for panel mounting, as illustrated in Fic. 75, or as an 
indicating instrument only, which is portable. 


The Ranarex unit operates on the principle of measur- 
ing and comparing the specific gravity of the mixed 
gases being tested against that of air. Since CO: is much 
heavier than the other constituents in the mixture, as 
indicated in Table V, the instrument is especially sen- 
sitive to changes in the CO. The action of the unit is 
somewhat similar to the fluid drive in automobiles, 
except that the gases are substituted for the oil. 


The lower impeller (fan), (F1G. 76), draws in a sample 
of the gas being tested, sets in it rotation, and creates a 
torque on its companion impulse wheel located in the 
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same chamber. This torque, which is proportional to the 
gas density, is compared with the torque produced by 
atmospheric air in an identical upper chamber, the 
impeller of which rotates in the opposite direction. The 
difference between these opposing torques is the meas- 
ure of specific gravity and causes the pointer to move to 
a position on the scale. The gas sample and air are 
brought to the same temperature and humidity by a 
humidifier, eliminating the possibility of error from 
those sources. A steel-wool filter. removes suspended 
matter and corrosive constituents from the gas, should 
they be present. The gas sample passes continuously 
through the instrument at a fairly high rate of flow (15 to 
25 cfh) and, since no time is required for chemical re- 
action, the instrument responds almost instantaneously. 

The Ranarex instrument is calibrated for percentage 
of CO, only for applications in which the fuel gas is 
completely burned with an excess of air. For applica- 
tions where the fuel gas is partially burned (as in the 
atmosphere-gas converter) or where noncombustion at- 
mospheres are involved (as in completely dissociated 
ammonia) the instrument is usually calibrated in terms 
of specific gravity because it is known that a particular 
specific gravity value of the gas corresponds to the 
desired atmosphere condition. In addition to measuring 


Fig. 77. Hays combus- 
tion meter which serves 
as a continuous-type 
CO, analyzer. It oper- 
ates on the Orsat absorp- 
tion principle, samples 


the gas about every two Fig. 78. Baird Associates, Inc. 
minutes, and is actuated automatic recording gas analyzer 
by water for CQ2 has very high sensitivity 


and operates on infrared principle 
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Control element for Baird Associates infrared gas analyzer, 
the diagram for which is shown in Fig. 80 


Fig. 79. 
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Fig. 80. Optical diagram of three-cell control element for Baird Asso- 
ciates recording infrared gas analyzer 
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the ‘‘qiality’’ of an atmosphere, the instrument is often 
used to check complete purging of a furnace using a 
combustible atmosphere by observing whether the 
specific gravity of the outlet gas has sufficiently ap- 
proached the specific gravity of the inlet gas. 

Another continuous-type CO, analyzer is the Hays 
combustion meter, made by the Hays Corporation, 
Michigan City (Indiana). This unit automatically 
samples the gas periodically, and either indicates or 
records the CO, content, or both, depending on the 
form selected. FiG. 77 illustrates one of the recording 
instruments for panel mounting. It is generally used 
where the CO; content is 0.5 percent or above. 

Space limitations do not permit a description of the 
method of operation of the Hays combustion meter. It 
can be said, however, that the unit operates on the 
Orsat principle of volumetric measurement of chemical 
absorption, and it is actuated entirely by water. 
Through an ingenious arrangement, the water draws in 
a gas sample, traps it in a measuring chamber, forces 
it through an absorption chamber, and moves a pen on 
the chart to indicate the amount of CO, absorbed. The’ 
gas sample is returned to the measuring chamber, 
flushed out with a new stream of gas to be analyzed, and 
the cycle is then repeated, ube total time for which is 
about two minutes. 

Still another automatic recording gas analyzer for 
CO, is the Baird Associates infrared gas analyzer, 
offered by Baird Associates, Inc., Cambridge (Mass.). 
This unit is claimed to have very high sensitivity which, 
in some cases, is in the order of 10 to 25 parts per 
million. Because of the inherent high sensitivity of the 
analyzer, the normal range of measurement is relatively 
narrow, but considerable range expansion can be pro- 
vided when necessary. The unit is offered in two types— 
the cabinet-type as illustrated in Fic. 78, in which 
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verything is self-contained, and also in a remote 
lesign in which the control element of the analyzer is in- 
talled adjacent to the point of use and the recording 
lement is installed in a separate control room. The 
3aird Associates analyzer is equally suitable for measur- 
ng CO or CH, in protective atmospheres when properly 
et up for either purpose. 


A typical application of one of these units is in a steel 
nill where expensive loads of material are treated in 
Neutralene atmosphere, in which it is deemed desirable 
0 hold the CO, content to an absolute minimum. 


Operation of the Baird Associates recording gas 
analyzer is based upon the fact that different gases 
absorb infrared energy at characteristic wave lengths. 
Because of this property, changes in the concentration 
of a component, such as CO; in a mixture, produce cor- 
responding changes in the total energy remaining in an 
mfrared beam passed through the mixture. These 
energy changes, which are recorded by the instrument, 
are therefore a measure of the gas concentration. Proper 
selection of apparatus permits accurate, rapid analysis 
for all gases except those few having no infrared absorp- 
tion band, such as oxygen, hydrogen, and nitrogen. 


The control element, Fics. 79 and 80, comprises an 
infrared source, two identical bolometers connected as 
two sides of a Wheatstone bridge, a means of focusing 
balanced infrared beams on the bolometers, and gas 
sells interposed in the infrared beam. The recording 
slement is of the standard potentiometer type, so con- 
nected as to indicate the amount of resistance unbal- 
ance in the Wheatstone bridge containing the two 
oolometer arms. 


Oxygen. An oxygen recorder gives a continuous 
record of the O2 content in protective atmospheres; it 
san sound an alarm if the O: reaches a prohibitively 
nigh value; and it can be used to prevent exposure of 
untreated material to a defective atmosphere due to 
nadequate purging, improper adjustment of the atmos- 


Fig. 82. Complete Bailey 
oxygen recorder, consisting 
of oxygen analyzer and 
electronic recorder, both 
panel-mounted in a porta- 
ble buggy 


Fig. 81. Bailey oxygen recorder, 


electronic type 
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phere producer, or change in fuel-gas analysis. Thus, 
for safety reasons, it can police a hydrogen-atmosphere 
furnace which might be used for annealing. Or for 
quality control, it can help prevent excess O, in com- 
pletely burned fuel gas containing a slight amount of 
Oz (to avoid H; and CO). Such an example is in the tire 
industry where the inert gas is used to inflate bags 
within tires during the vulcanizing operation, and 
where excess oxygen shortens the life of the bags. 

The Bailey oxygen analyzer, Fic. 81, is useful for 
recording the oxygen content of gases under the condi- 
tion described, particularly where the combustible con- 
tent of the gas (Hz, CO, and CH,) remains fairly con- 
stant. The unit operates on the catalytic-combustion 
principle, utilizing a noble-metal catalyst-filament. 
Measured quantities of gas sample and a vaporized, 
standardized fuel, Oxene, maintained constant by in- 
ternal regulating valves and fuel capillary; respectively, 
are passed over the catalyst-filament. The heat liberated 
by combustion maintains this filament at a temperature 
proportional to the oxygen content of the sample. 

The filament forms one leg of an a-c measuring bridge 
and any unbalance in the circuit is magnified through an 
electronic amplifier. This electronic unit controls a 
motor-driven slide wire to maintain continuous balance 
in the measuring circuit. A recording pen is mechani- 
cally connected to the motor and calibrated in terms of 
percent oxygen. The complete unit consists of a Bailey 
oxygen analyzer and a Bailey electronic recorder, 
both panel-mounted in a portable buggy, as shown in 
Fic. 82, or set on the floor. 


Fig. 83. Beckman Model G-2 oxy- 
gen analyzer, continuous indicating 
and recording type, which operates 
on a magnetic principle 
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Sketch showing the oxy- 


Fig. 85. 
gen-sensitive element of the Beck- 
man analyzer 


Fig. 84. Diagram illustrat- 
ing the magnetic principle 
involved in operation of the 
Beckman oxygen analyzer 


Another unit is the Beckman Model G-2 oxygen 
analyzer, Fic. 83, available from Arnold O. Beckman, 
Inc., Pasadena (California). This continuous indicating 
and recording instrument operates on a magnetic 
principle and is not affected by variations in combus- 
tible content of the gas being analyzed. It is affected 
appreciably only by the oxygen in the gas. 

Oxygen is unique among the gases in that it is strongly 
paramagnetic (attracted into a magnetic field)@! ” 
whereas other common gases with few exceptions are 
slightly diamagnetic (repelled out of a magnetic field). 
This property of oxygen is indicated by Table XVI, 
which shows the volume magnetic susceptibilities of 
a number of common gases. Measuring the volume 
magnetic susceptibility of the sample gas is accom- 
plished in the Beckman analyzer by measuring the 
change in the magnetic force acting on a test body sus- 
pended in a nonuniform magnetic field when the test 
body is surrounded by the sample gas. If the sample 
gas surrounding the test body, Fic. 84, is more para- 
magnetic than the test body, the gas will tend to force 
the test body away from the region of maximum mag- 
netic flux density. Conversely, if the test body is more 
paramagnetic than the surrounding gas, the test body 
will be drawn toward the region of maximum flux 
density. 

The oxygen-sensitive element of this instrument con- 
sists of a light dumbbell-shaped test body made of two 
small hollow glass spheres supported on a quartz fiber 
to constitute a magnetic torsion balance as shown in 
Fic. 85. This test body is free to rotate in a nonuniform 
permanent magnetic field and is subjected to a magnetic 
force which is proportional to the difference between the 


TABLE XVI 


VOLUME MAGNETIC SUSCEPTIBILITY OF CONSTITUENTS 
COMMONLY FOUND IN PROTECTIVE ATMOSPHERES 


Weenies Seecepebility® Equivalent 


Gas 6 ) Oxygen—Percent 
Oxygen (Oy) +139 X 10-% emu +100.0 
Carbon dioxide (CO:) —8.83 —0,63 
Carbon monoxide (CO) —4,80 =(35 
Methane (CHa) —5.08 — 0.37 
Ethane (C2He) —11.5 —().82 
Hydrogen (Hz) — 1.665 —0.123 
Nitrogen (Noe) —4,97 —0:36 


. . . es 

* Nitrous oxide (NO) and nitric oxide (NOz) are somewhat paramagnetic, but 

less so than oxygen. They are seldom present in protective atmospheres, but 
if so, only in minute quantities. : 
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volume magnetic susceptibilities of the test body a 
the gas which the test body displaces. ¢ 
The analysis unit and associated circuits are so ar- 
ranged that the magnetic force on the test body is con- 
tinuously balanced by an opposing electrostatic force, 
produced by application of voltage (or potential) be- 
tween the test body and two vanes mounted nearby. 
By this arrangement, changes in oxygen partial pressure 
of the gas sample are translated into voltage changes 
which can easily be recorded on the recording potenti- 
ometer. A variety of standard ranges of the instruments 
is available in percent oxygen from 0-1 to 0-100 percent. 
Readings are claimed to be accurate to within +1 per- 
cent of full scale for all standard ranges above 0-1 per- 
cent, and +2 percent for the range of 0-1 percent. 


Hydrogen 

The Bailey thermal gas analyzer, Type OG1, and 
electronic-type recorder, illustrated in Fic. 86, are 
useful for indicating and recording continuously the 
concentration of one component in a mixture of gases 
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STANDARD gas analyzer, Type OG-1, 
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whose characteristics can be detected by the thermal- 
conductivity principle. They are used in protective- 
atmosphere applications, especially for hydrogen. The 
analyzer unit as illustrated in Fic. 87 is characterized 
by high sensitivity and rapid response to changes of the 
gas. It is arranged in an explosion-proof housing for 
mounting near the point of sampling, but it can be 
panel-mounted with the recorder if desired. Electrical 
connections in conduit are made from the analyzer to 
the recorder as indicated in Frc. 86. In an installation 
with a large continuous furnace having hydrogen- 
nitrogen atmosphere of various proportions, depending 
on the requirements of the treatment on the work, a 
unit calibrated 0-100 percent hydrogen is utilized to 
assist in the control. 

The thermal-conductivity method of gas analysis 
consists of comparing the thermal conductivity of the 
mixture to be analyzed with that of a known gas com- 
position called a “standard” or ‘“‘reference” gas. If a 
wire carrying a current is placed axially in a metal tube 
whose internal diameter is 1 cm or less, and both the 
tube and wire have polished surfaces that reflect heat 
radiation, 98 percent or more of the heat loss will be by 
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conduction; the negligible remainder is lost by radia- 
bion, convection, and end losses. 

If the rate of energy supplied to the wire is constant, 
the temperature which the wire assumes will be an 
inverse function of the thermal conductivity of the gas 
surrounding the wire. For example, if the temperature 
of the wire is 20 F above ambient, for a particular gas 
mixture, and this mixture is replaced by another of the 
same constituent of half the thermal conductivity, the 
temperature rise will be approximately double, or 40 F. 
The temperature of the wire, therefore, is a measure of 
the percentage of one gas in the mixture. If the wire is 
made of a material which appreciably changes in elec- 
trical resistance with change in temperature (high 
resistance-temperature coefficient), the resistance meas- 
urement which is translated by a bridge circuit into 
measurable electrical variations can then be used as a 
means of gas analysis. 

The detector unit contains a cell block and associated 
resistors, transformers, and rectifiers for making the 


Fig. 87. 
in Fig. 86, containing cell block, which contains the 
reference gas similar to the protective atmosphere being 
controlled 


View showing interior of analyzer unit shown 


comparison of thermal conductivity. The cell block 
contains the reference gas which is selected to closely 
match the characteristics of the protective atmosphere 
being controlled for each application. 

Table V shows the relative values of thermal con- 
ductivity of various gases encountered in ordinary pro- 
tective atmospheres related to air as unity. The high 
thermal conductivity of hydrogen as compared with the 
other constituents indicates why the thermal gas an- 
alyzer is especially valuable for selecting hydrogen 
from a gaseous mixture and assisting in its control. 

Methane. Methane can be measured and recorded by 
‘he Baird Associates infrared gas analyzer, previously 
Jescribed under Carbon Dioxide, simply by changing the 
contents of the filter cell which contains a pure form of the 
yaseous component whose concentration in the sample 
yas is to be recorded. Thus, for measuring methane, the 
iter cell would contain methane under high pressure. 

Combustibles. Sometimes the measure of the total 
combustibles in a gaseous mixture gives a suitable in- 
lication or record for safety or quality-control purposes. 
An example of the usefulness of this principle in quality 
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control is an atmosphere-gas converter operating at 
practically complete combustion. If the instrument 
shows a small quantity of combustibles, it is known that 
the converter is operating on the reducing side, on or near 
line C in Fic. 28, with the same advantages given under 
Hydrogen in the description of the thermal gas analyzer. 
The Bailey combustibles recorder, Fic. 88, operates 
on the same catalytic combustion principle as the 
Bailey oxygen-recorder already described. In this case, 
however, measured quantities of gas sample (instead of 
Oxene) and clean compressed air are utilized and 
maintained constant by internal regulating valves. 
They are passed over the catalyst-filament, and the 
heat liberated by combustion changes the filament 
temperature in proportion to the total combustibles 
content of the sample, namely CO, Ho, and CHy. 


DEW-POINT RECORDER 


The dew point of a gas also can be continuously 
measured and recorded.*) This is sometimes considered 
desirable where expensive loads of material are being 
treated in a furnace and a constant watch of the dew 
point is deemed advisable. The General Electric dew- 
point recorder, Fic. 89, operates over a range from 
ambient to —90 F. The unit is contained in a floor- 
mounted cabinet, as shown. 

The dew-point potentiometer is made automatic by 
use of a photoelectric optical system for viewing the 
mirror surface. The gas chamber has two light-path 
windows in addition to the inspection window. Light 
passes from a lamp through one of the windows and is 
reflected back from the mirror through the other 


Fig. 88. This Bailey combusti- 
bles recorder measures the total 
combustibles in a protective at- 
mosphere, and operates on the 
catalytic-combustion principle 


Fig. 89. The dew point of a gas 


can be continuously measured and 
recorded with this General Elec- 
tric dew-point recorder 
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PROTECTIVE ATMOSPHERES (Continued from preceding page) 


window to a phototube. As the test gas passes through 
the gas chamber and dew condenses on the mirror, the 
reflectivity of the mirror is lowered. The decrease in the 
amount of light falling on the phototube causes current 
to increase in a heater near the mirror, thus removing 
the dew spot. A second phototube is used in making a 
balanced circuit to compensate for changes in light 
intensity due to fluctuations in line voltage and for 
tube drift. As soon as the dew is removed, the optical 
system reduces the heater current so that dew will 
reform on the mirror, cooled by gas which has been 
passed through a two-stage cascade refrigerating system 
to provide a constant low-temperature source. There is 
a steady cycling between dew and no-dew, maximum 
amplitude of which is 2 F, regardless of where the 
temperature is being recorded in the range from am- 
bient to —90 F. 
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WEIGHT ANALYSIS: BASIC CONSIDERATION IN 
DESIGN OF AIRCRAFT ELECTRICAL SYSTEMS 


Detailed investigation of electrical requirements as a 
prerequisite to the design and selection of the lightest 
adequate distribution system for use in an airplane 


By P. C. BOGIAGES 


General Engineering and Consulting Laboratory 


General Electric Company 


HE engineering design of practically every con- 

ceivable type of apparatus or machine is invariably 
the result of a series of compromises. The airplane par- 
ticularly is subject to the influence of a variety of con- 
siderations. Successful performance of an aircraft de- 
pends upon careful integration of every factor vital to 
its design, the major categories of which are aerody- 
namics, propulsion, structural design, and accessories. 
Each is dependent upon the others, and each has its 
individual minimum specifications which must be ful- 
filled to insure satisfactory performance. 

Each element in the design of an airplane, in addi- 
tion to its unique problems, is concerned with the all- 
important basic consideration of weight control. The 
aircraft industry is foremost among all industriés in its 
weight-mindedness. The mission of every plane, whether 
it be to carry passengers, freight, or bombs, is liable to 
failure because of excess weight. No part of the plane, 
from the finest wire to the most rugged structural 
member, escapes the close scrutiny of designers imbued 
with the concept of the importance of saving weight. 
Every additional pound of equipment represents an 
equivalent reduction in payload. Weight is the nemesis 
of the aircraft, and every effort is expended toward its 
control. The reduction of a single excess pound in de- 
sign may represent a sizable monetary value when 
considered over the service life of the plane. 


SAFETY SPECIFICATIONS 

Efforts to save weight are not carried to the extent 
of sacrificing safety and comfort. Aircraft, while not 
‘“‘overengineered”’ merely to include a haphazard safety 
factor, are designed and constructed in accordance with 
most rigid specifications. The planes and equipment 
are capable of operation under conditions whose limits 
are far in excess of any likely to be encountered in even 
the most abnormal operations. The record of American 
sommercial and military operations is ample proof that 
sresent-day aircraft have attained an all-time high in 
safe performance. Considering the enormous number of 
yassenger miles logged, the tally of accidents is indeed 
sratifyingly low. 

Present-day trends in aircraft indicate a marked 
ncrease in electrically operated apparatus. The size 
ind capacity of planes has been magnified to a point 
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beyond all precedent. Furthermore, today’s aircraft 
are capable of operating at speeds and altitudes which 
outmode all existing design data. It is readily apparent 
that in the face of such advances the design of an 
aircraft electric-power system requires careful con- 
sideration and rigid control. So frequent are the im- 
provements in equipment that the electric-power supply 
systems must possess sufficient flexibility to accommo- 
date new installations on planes already in service. 

Throughout the evolution of each and every part of 


the airplane and its essential equipment to its current 


highly refined and efficient stage, the ever-present 
factor of weight control is the overshadowing criterion. 
The influence of weight manifests itself particularly in 
the design of the electric system and its components. 
Airframe and power-plant requirements are given 
prime consideration in the planning of an airplane. The 
accessories, which include the electrical equipment, are 
then allotted a percentage of the specified total weight - 
of the craft. A portion of this represents the total 
allowable weight of all electrical equipment. No design 
which exceeds this stipulated amount will be considered. 
Electric-system designers, therefore, must exercise ex- 
treme ingenuity in producing equipment whose weight 
is small but whose capacity and performance satisfy 
prodigious demands. 


SYSTEM DEVELOPMENT 

It is not the purpose of this article to detail the de- 
velopment of electrical equipment for aircraft, since we 
are more concerned with the entire power-supply sys- 
tem. It is worth noting, however, that great advances 
have been made toward increasing the output and re- 
ducing the weight of electrical apparatus. The planes 
of the aviation pioneers in the era following the Wright 
brothers’ successful flight were flimsy craft that had no 
use for auxiliary power other than that provided by 
their own engine magnetos. This was fortunate inasmuch 
as they had neither the room nor lifting power to ac- 
commodate additional equipment. 

The advent of World War I brought definite demands 
for auxiliary power in aircraft. Its main purpose was to 
supply radio and instruments. Experience gained by 
the automotive industry with the 6-volt system was 
utilized to adapt it to aircraft service, using an 8-volt 
charging generator. About 1925 use of a 12-volt system, 
originally developed for truck service, was inaugurated. 


Aq 


This system incorporated the use of 12-volt batteries and 
14-volt generators and remained in general service on 
light and medium-sized planes until the outbreak of 
World War IT.© 


The trend toward very large multiengined planes be- 
gan in 1939. As the plane proportions increased so did 
the operations of the auxiliary power system. It soon 
became apparent that the 12-volt system was inade- 
quate to supply the additional loads essential to flight 
in these craft. The principal objection was evidenced as 
being the excessive weight of wiring. Larger and larger 
conductors were required to prevent prohibitive voltage 
drops in long cable runs. A lighter, more efficient 24- 
volt system was the outgrowth of these difficulties. 


A 400-cycle 208Y/120-volt a-c system is now wvaill 
able which closely rivals the 120-volt d-c system in every | 
respect, including weight. A choice of one system over 
the other for a particular airplane requires careful con-_ 
sideration and may eventually depend upon the per- 
sonal inclinations of the individual manufacturer. 

Table I presents a comparison of weights of aircraft 
electrical systems for a 150,000-pound airplane with a 
60-kw continuous load. 


SYSTEM WEIGHT ANALYSIS 

From Table I it can be seen that for a particular air- 
plane one system usually weighs less than the others. In 
designing an airplane, therefore, it is necessary to have 
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Fig. 1. 


New airplanes were designed with 24-volt batteries 
and 28.5-volt generators. This increase in system 
voltage made available a greater degree of flexibility in 
the design of a distribution system. The weight of 
wiring in an airplane is given as being approximately 
inversely proportional to the system voltage. It may 
be seen, therefore, that a tremendous saving in the cop- 
per required evolved from the change to the 24-volt 
system. The then new B-17’s and B-24’s were equipped 
with this system, and it still retains its favor with the 
aviation industry. The B-29 is an example of a large 
plane using the 24-volt system where the loads are 
numerous and heavy and the cable runs are extremely 
long. 

Experience with the 24-volt system led to the de- 
velopment of the 120-volt system, for which great ex- 
pectations are held. This system is particularly appli- 
cable to large aircraft and may well become universally 
accepted as the standard d-c system of the future. 
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Schematic diagram of a 30-volt d-c electrical system for aircraft 


TABLE I 


COMPARISON OF WEIGHTS OF AIRCRAFT ELECTRICAL 
SYSTEMS FOR A 150,000-LB AIRPLANE WITH A 60-KW 
CONTINUOUS LOAD 


System 
F 
Components 208Y Bie: 
28-volt D-c 120-volt D-c 400-eycle 
3-phase 


a SSFSSSSSSSSSSSSSSSSSSSSSSSSMSMMSSFSSSFMMSFFsee 


Generator weight, one 135 lb 120 lb 75 lb 
Voltage regulator, one 6 lb 6 lb 9 lb 
Main-gen. breaker, one 6 lb 6 lb 5 lb 
Drive shaft from eng. 15 lb 15 lb 15 Ib 
Constant-speed drive — —_ 75 lb 
Total, one engine 162 Ib 147 lb 179 lb 
Total, four engines 648 Ib 588 lb 716 Ib 
Batteries 55 Ib 55 lb 55 Ib 
Two 6-kw 28-v d-c sup. — 75 lb 75 lb 
Two 5-kva a-c sources 150 lb 148 Ib — 

Weight of wiring 420 Ib 55 Ib 65 lb 
Total weight, generation & 1273 lb 921 lb 911 Ib 


distribution 
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formation available which will enable those respon- 
ole to choose the proper system. 


A convenient method for compiling information from 
ich to estimate the electrical-system weight of a 
oposed plane is to present the data in graphical form. 
set of curves for each type system can include the 
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CABLE SELECTION 


All weight calculations are based on voltage drop, 
with AN-18 as the minimum cable size considered. For 
all sizes above AN-8, copper is replaced by aluminum. 

In each of the three systems cables of the proper size 
are selected for lengths up to 100 feet. Initial selection 
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Manually closed, trip-free self-contained overcurrent-trip 3-phase 


cuit breaker 
Manually closed, trip-free, d-c electric-trip, overcurrent 3-phase 


suit breaker , ; 
Manually closed, trip-free, d-c electric-trip, 3-phase circuit breakers 


Normally open, d-c-operated, 3-phase contactor 
Undervoltage time-delay relay 


nerator-, feeder-, and load-wiring weights for various 
nerator capacities and lengths of cable run. 

To illustrate the method of constructing the system- 
sight graphs, consider Fic. 1 a possible 30-volt d-c 
stem for the proposed airplane; Fic. 2 represents a 
SY /120-volt a-c system for the same plane. Fic. 1 
ay also be used for calculation of the weight of the 
0-volt system. The object is to calculate the weight 
each system and plot it as a function of circuit length 
r various generator capacities. 
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Schematic diagram of a 208Y /120-volt a-c electrical system for aircraft 


(6). Self-contained reverse-current d-c circuit breaker 

(7). Manually closed, trip-free self-contained overcurrent d-c circuit 
breaker 

(8). Electrically closed, trip-free, d-c electric-trip, differential 3-phase 
circuit breaker 

(9). Instruments, controls, battery, inverters, voltage regulator, etc., 
for 30-v d-c system not shown 


of the cable size was based on current-carrying capacity, 
with the final size determined by the following limiting 
voltages: 


1.5-volt drop, gen- 
erator-to-bus 


BO=VGlt, dacs vstentia gs... 


6.0-volt drop, gen- 
erator-to-bus 


208Y /120-volt a-c system. .10.0-volt drop, gen- 
erator-to-bus 


120-volt-d-e-system.... <2 . 
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When the proper-size cables are selected for circuit 
lengths up to 100 feet, a tabulation is made of their 
weights, as shown in Table II for the 30-volt d-c system 
of Fic. 1. From Table II a curve is plotted for the 
weights of the generator circuit and protective equip- 
ment, as shown in FIG. 3. 

In Fics. 4 and 5 are similar calculations and plots 
for the 120-volt d-c system and the 208Y/120-volt a-c 


panel to suppor 
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Generator-circuit weights for a 30-volt d-c aircraft electrical 
system 


Fig. 3. 


(1). All cable in conduit , 

(2). 1.5-volt drop between generator and main power panel : 

(3). Solid lines represent aluminum power cables; dotted lines, 
copper. All control cables copper (AN-18 minimum size used) 

(4). Curves showing kw contain the weight of generator, regulator, 
all protective devices, switches, instruments, etc., and all cable 
from generator to main power panel 

(5). Single curve at bottom contains weight of cable only 


Fig. 4. Generator-circuit weights for a 120-volt d-c aircraft electrical 
system 
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Fig. 5. Generator-circuit weights for a 208Y /120-volt a-c aircraft 


electrical system 


(1). All cable in conduit 

(2). Aluminum power cables used and AN-18 copper cable for most 
control cables . ; 

(3). Kva curves contain weight of alternator, drives, instruments, 
protective devices, etc., and power and control cables from 
alternator to bus. Bottom curve contains only cable weight 
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Fig. 6. Manually operated load-circuit weights for a 30-volt d-c aircraft | 
electrical system 
(1). All cables in conduit (2). 0.5-volt drop 


(3). Solid lines represent aluminum cable; dotted represent copper 
(4). Weight of one circuit breaker included in each curve 
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Fig. 7. Manually operated feeder-circuit weights for a 30-volt d-c 
aircraft electrical system 
(1). All cables in conduit (2). 0.5-volt maximum drop 


(3). Curves include weight.of cable and protective devices 


system, respectively. On each curve the fixed weight ot 
generators, circuit breakers, etc., is added to the vari. 
able weight with length of the cable. 

Fics. 6 and 7 are plotted curves for feeder and loac 
circuits of the 30-volt d-c system. Similar curves maj 
be plotted for the other two systems. Data are ob 
tained in the same manner as that in Table II except 
that the following voltage drops are allowed: 


30-volt d-c system........ 0.5-volt drop 
120-volt d-c system....... 2.0-volt drop 
208Y /120-volt a-c system..4.0-volt drop 


To return to the 30-volt d-c system in Fic. 1, we noy 
have available curves of generator-, feeder-, and load 
circuit weights for various cable runs. These may noy 
be used in estimating the electrical-system weight o 
the proposed airplane. The curves for the 120-volt d- 
and the 208Y/120-volt a-c systems may be applied t 
the same airplane and the totals of all three system 
compared. 

A comparison of the values given in Fics. 3, 4, and | 
will evidence a considerable weight difference in th 
generating circuits of the three systems. A considera 
tion of these weights and those of the feeder and loa 
circuits in conjunction with the physical proportion 
of the airplane will result in the selection of the prope 
system from a weight standpoint. 
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TABLE II 
30-VOLT D-C AIRCRAFT ELECTRICAL SYSTEM 


nerator-circuit Weights for Fic. 1 (Equipment 
Weights are Listed in the Tabulation at the Right) 


Length Control Cable Power Cable Total Weight 
(Ft) (Lb) 
3-KW COPPER CABLE 
0 0 0) 52 
80 Wao 21.2 80.7 
80 7.5 31.6 91.1 
100 12.4 39.5 103.9 
3-KW ALUMINUM CABLE 
0 0 6) 52 
89 8.5 13.2 73.7 
89 11.1 16.3 79.4 
100 12.4 12.3 82.7 
6-KW COPPER CABLE 
0 0 6) 59 
80 (fas 42.5 109.0 
80 7.5 63.2 129.7 
100 12.4 79.0 150.4 
6-KW ALUMINUM CABLE 
0 0 0 59 
89 8.5 26.4 93.9 
89 1a bau 28.8 98.9 
100 12.4 36.6 108.0 
9-KW ALUMINUM CABLE 
0 0 0 74 
92 8.7 41.5 124.2 
92 11.5 50.5 136.0 
100 12.4 54.9 141.3 
12-KW ALUMINUM CABLE 
0 0 0 95 
89 8.5 53.0 156.5 
89 ial 60.4 166.5 
100 12.4 67.8 175.2 
15-KW ALUMINUM CABLE 
0 0 0 107 
90 8.5 64.0 179.5 
90 11.2 82.1 200.3 
100 12.4 91.2 210.6 


MAIN POWER PANEL TO SUPERVISORY CENTER 


0 — — 0 
100 aa = 8.9 
GENERATOR TO MAIN POWER CENTER (CABLE 
WEIGHT) 
Cable No. of AN Length Weight 
Purpose Cables Cable (Ft) (Lb) 
on. feeder 
wer cables 
jual. cables 
nmeter 2 18 100 2 


AIN POWER PANEL TO SUPERVISORY CENTER 
(CABLE WEIGHT) 


Itmeter 2 18, 100 2 
n. relay 2 18 100 2 
jualizer ib 12 100 2.9 
nmeter 2 18 100 2 
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EQUIPMENT WEIGHTS 


Equipment No. Weight Total Equipment 
Req'd. (Lb) (Lb) 

Ammeter 1 1.85 

Voltmeter Vy 0.10 

Tap switch \% 0.05 3-kw 52 

Equal. switch i 0.20 6-kw 59 

Rey. curr. man. c.b. 1 IL PAs , 9-kw 74 

Gen. relay 1 3.50 | 12-kw 95 

Regulator 1 7.00 | 15-kw 107 
Total 13.95 

SUMMARY 


Practically any aircraft electrical system may be 
analyzed in the manner here described. Such an ap- 
proach to the problem of selecting the proper system will 
simplify making the choice. Since the curves are plotted 
for various lengths of cable run, they may be used in 
checking possible locations of apparatus with respect 
to distance from ‘the generators or main busbars. 


It must be remembered that many variations of the 
three basic systems mentioned are frequently used. In 
the 30-volt d-c system, for example, the curves can be 
employed effectively to determine the weight differences 
between a system with a centrally located fuselage bus 
and one having separate nacelle buses. Here again, the 
choice depends upon the nature and location of the 
loads and the physical dimensions of the airplane. The 
merits of each system under consideration for use in 
airplane construction can be easily and quickly es- 
tablished by reference to the curves plotted for that 
system. 


Electric power is essential to flight in the present-day 
airplane. The degree to which it is deemed essential 
varies somewhat with the operators of the airplane. As 
a result, separate and distinct specifications are de- 
manded by the Army, Navy, and commercial airlines. 
All operators, however, must be able to estimate the 
weight of the basic electrical components of their pro- 
posed planes. The weight curves afford a method for ob- 
taining such vital information. Only after a basic analy- 
sis is made can such questions as allowable weight for — 
luxury items be considered. 
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HIGH LIGHTS ano SIDE LIGHTS 


Gas Turbine-Electric Locomotive 


Knowledge and experience gained in 
the aircraft gas-turbine field has been 
utilized in the design and development of 
the first gas turbine-electric locomotive 
to be built and operated in the United 
States. 

The new locomotive, an Alco-GE 4500- 
hp unit, first took to the rails last Novem- 
ber and, after successfully undergoing 


7 in. wide over hand rails. Geared for 69 
mph, the locomotive carries enough fuel 
for 12 hours’ operation at 4500 hp. 


The compressor, combustion chamber, 
and turbine are of in-line construction. Air 
is drawn through a compressor into several 
combustion chambers; fuel is injected and 
is burned, raising the temperature of the 
compressed mixture. The resulting gases 


> 


In preliminary road tests the 4500-hp Alco-GE gas turbine-electric locomotive hauled 85 loaded 
freight cars at speeds as high as 65 mph 


preliminary road tests, was presented 
in its first public track demonstration on 
June 16. It will soon be given additional 
road trials in freight service on the Union 
Pacific Railroad. Those trials will be 
helpful in evaluating the potentialities of 
gas-turbine-powered locomotives. It is 
realized, however, that factory and oper- 
ating tests must be continued on a long- 
range basis before the ultimate possibili- 
ties of this new type of rail power can be 
completely evaluated. For the foreseeable 
future, the diesel-electric locomotive will 
continue to be the prime source of new 
rail motive power. 


The gas turbine of the locomotive differs 
from the aircraft jet engine in that the 
gases it produces are harnessed within the 
power plant and the resultant power is 
transmitted electrically to drive the wheels, 
whereas the aircraft engine provides for- 
ward thrust from the reaction of its exhaust 
stream. 


The locomotive is of single-cab con- 
struction with an operating station in 
each end and has B-B-B-B running gear. 
It develops 53 hp per foot of length, 
weighs 500,000 lb, and has a continuous 
tractive effort of 68,500 Ib at 20.5 mph. 
It is 83 ft 71% in. long inside of knuckles, 
14 ft 314 in. high over roofsheet, and 10 ft 
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expand and move at high velocity against 
the turbine blades to drive both the 
power-plant compressor and the gener- 
ator. Power from the generator is supplied 
to eight traction motors, each of which 
drives one of the eight axles. 


The gas-turbine power plant itself is 
rated at 4800 hp, with 4500 hp available 
for traction. 


Largest Electric Counterlow 
Porcelain-enameling Furnace 


The largest electric counterflow type 
of porcelain-enameling furnace ever built 
is being prepared for installation this 
summer, to be used to porcelain-enamel 
bathtubs and kitchen sinks. 


The furnace is rated 1855 kw and 


measures approximately 120 ft long and 
15 ft wide. 


The continuous, counterflow type of 
furnace was selected primarily because of 
the lower operating costs resulting from 
the furnace’s heat-sealing and _heat- 
interchange characteristics. An elevated 
U-shaped oven operating at approxi- 
mately 1550 F minimizes convection heat 
losses from the furnace. An_ inclined 
heating chamber is built in such a way 
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that the incoming pieces are graduall 
heated by the outgoing pieces. This hee 
interchange not only provides heat ecor 
omy but reduces warpage by preheatin 
the work slowly. 

The use of ribbon-type  resistanc 
heating units, which provide an eve 
distribution of heat, also eliminates th 
possibility of the atmosphere’s bein 
contaminated with fuel gases. This wi 
lessen appreciably the amount of rejects, 

Rapid changes in furnace temperatur 
can be accomplished easily. Becaus 
mufHles are not required with electri 
heating units, the furnaces can be brough 
up to operating temperature in about si 
hours. 


Sealed-beam Lamps on Bicycle 


Cycling after dark is expected to b 
safer as the result of the developmen 
of an automobile-type headlamp for bi 
cycles, a small edition of the one-piece all 
glass sealed-beam headlamp used o1 
modern automobiles. 


5 
a 
® 

ey 


The little brother of the sealed-beam auto lamp 
is relatively smal!, but is expected to make after- 
dark cycling safer 


Controlled light from the sealed-beam-type lam, 
clearly picks out two oncoming pedestrians. Uj 
to now the average bicycle headlamp has pro 
duced less than one-third as much light 
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Capable of creating a bright, uniformly 
lighted path well ahead of the cyclist, the 
new development marks the first major 
improvement in bicycle headlighting since 
miniature incandescent bulbs replaced the 
carbide lamp. Although the new bicycle 
lamp is less than one fourth as large as the 
sealed-beam automobile lamp, it possesses 
many of the same advantages. 


Properly mounted on the handle bars 
or atop the front fender, the new all-glass 
headlamp produces a beam pattern ap- 
proximately five feet wide and 30 feet 
long, or about three times as much light 
as, until now, produced by the average 
bicycle headlamp. 


The sealed-beam-type bicycle lamp is 
rated 5 volts and 0.5 amperes; it is 
equipped with a screw terminal base, and 
has a designed life of one hundred hours. 
It can be operated satisfactorily from a 
battery of the 5-volt hand-lantern type 
or from an electrical generator designed 
for use on bicycles. 


New Heavy-duty Aircraft 
Energizer 


A new portable, heavy-duty aircraft 
energizer has been specifically designed 
to provide regulated 2814-volt ground 
power supply for starting all types of 
reciprocating engines as well as variable- 
voltage power supply for starting jet 


Heavy-duty energizer supplies 
power for starting all types of re- 
ciprocating and jet engines 


engines. The energizer is equally desirable 
for supplying electric power to aircraft 
before take offs, for use in shop and 
hangar repair areas, and for facilitating 
production tests on jet engines and 
aircraft. 

Basically the equipment consists of a 
28 14-volt 500-amp continuous generator 
with the associated control mounted atop 
it. The energizer is furnished, where 
desired, with an induction-motor drive for 
stationary mounting, or mounted on a 
two-wheel dolly for convenient manual 
handling, or with a gasoline-engine drive, 
mounted on a pneumatic-tired trailer for 
towing by truck or tractor. 


The “‘soft start’’ provided by the control 
minimizes strain and shock on the starting 
mechanism and the zero-voltage start 
eliminates heavy inrush currents to the 
starting motor of a jet engine. Provision 
is also made for preselecting the proper 
current for jet-engine starts by three 


constant-current taps—650, 800, and 
1000 amp. The regulated voltage, adjust- 
able from 28 to 35 volts, permits the 
energizer to be used at proper voltages for 
line-drop compensation between the ener- 
gizer and the connected load. Adequate 
cooling is provided by a fan built inte- 
gral with the rotor. Voltage suppression 
eliminates radio interference in the vicinity. 
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/ Ward Leonard’s 
Auxiliary Contact Kits 
FOR A 2-MINUTE INSTALLATION 


Standard starters can be quickly converted to meet special 
needs by the use of packaged auxiliary contact kits. 


All parts including necessary hardware are individually 


in good 


packaged for quick identification, convenience in stocking 
and fast unit assembly. 

Write Ward Leonard Electric Co., 62 South Street, 
Mount Vernon, N. Y. Offices in principal cities of U. S. 


and Canada. 


WARD LEONARD ELECTRIC CO. 
BR csul-E ngncceed Coritiols 
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new PRODUCTS 


Miniature Speed Changer 


Design possibilities enlarged by a new 
miniature variable-ratio speed changer 
that weighs less than 6 oz, yet can deliver 
up to 70 oz-in. torque and 0.025 hp. Possible 
applications include business machines, 
recorders, controllers, computers, indicating 
mechanisms, and similar devices. 

Ratio of input to output speeds is in- 
finitely adjustable between 1:6 increase and 
6:1 decrease, with a total speed range of 
36 to 1. A dial and pointer indicate ratio 
setting, and the adjusting knob is equipped 
with friction drag to prevent ratio wander. 
Maximum output torque is obtainable at 
zero speed, and operating speeds as high 
as 20,000 rpm are practical.—Metron In- 
strument Company, 482 Lincoln St., Denver 9, 
Colorado. 


Mixer 


A new side-entering mixer designed to 
supply complete agitation of large quanti- 
ties of liquids under severe operating condi- 
tions. The mixer is available in all sizes 
from 10 to 30 hp. It consists of a heavy- 
duty induction-type motor, Moreflex coupl- 
ing, special double-packed-type stuffing box 
with sealing ring, shaft, and propeller. The 
shaft and propeller are available in several 
types of corrosion-resistant alloys. Because 
the stuffing box can be repacked without 
emptying the tank, the unit is particularly 
adapted for applications where continuous 
processing is necessary.—KHastern Industries 
Inc., 296 Elm St., New Haven 6, Conn. 


Standardized Turbine 


A new standardized Type DR turbine— 
for high speeds, wide speed ranges, and 
greater accuracy of control—designed to 
power many drives formerly handled only 
by custom-built units. Speed range is 
controlled by a position-restored oil-relay 
governor providing adjustable speed ranges 
up to 5 to 1. This is sufficient to handle all 
types of variable-speed pumps, fans, com- 
pressors, blowers, stokers, and some types 
of paper machines. A steady-state accuracy 
within 14 of 1 percent is achieved. Ratings 
up to 1500 hp are available with speeds from 
1000 to 8000 rpm, 

Casing, steam rings, valves, bearings, 
packings, shafts, and many other parts on 
all frame sizes of the DR units are inter- 
changeable with those on Type DP units.— 
General Electric Company, Apparatus De- 
partment, Schenectady 5, New York. 


Thin Resistor 


A new wire-wound vitreous-enameled 
thin-type resistor 1 in. wide and only 4 in, 
thick. The resistor is equipped with either 
a_ single-unit mounting bracket, which 
allows the resistor to be mounted close to 
the mounting surface, or with a stud 
bracket, which, in addition, provides for 
the stacking of two or more units. The 
brackets, which extend the entire length 
of the resistor core, tend to spread developed 
heat evenly throughout the resistor and 
quickly conduct heat to the air and mount- 
ing surfaces. The resistors, with either kind 
of bracket, are made as fixed or adjustable 
lug units from which odd resistances can 
be easily obtained.—Ohmite Manufacturing 
Co., 48385 Flournoy St., Chicago. 
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Cable Connectors 
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AND WHAT THEIR MAKERS 
© HAVE TO SAY ABOUT THEM | 


Transmitter-receiver 


A new single-unit mobile FM tran 
mitter-receiver for communication in th 
152- to 162-mc frequency band. The unit 
designed for police departments, public 
utilities, taxi companies, and other agencies, 
has high selectivity. The transmitter, 
operating on 6.3 volts d-c using a tempera- 


ture-controlled crystal, has a carrier fre-— 


quency stability from —30 C to +60 C, 
or better than 0.002 percent. Its receiver 
selectivity is 60 kc, 50 db down, for an ad- 
jacent channel and 120 kc, better than 85 
db down, for an alternate channel. : 

Features of the electrical design include 
quick-heater tubes in the transmitter, 
positive-action relays in all control circuits, 
and jacks to measure directly all important 
receiver and transmitter circuits.—General 
Electric Co., Transmitter Division, Elec- 
tronics Park, Syracuse, N. Y. 


Quartz Tubing 


For applications in the fields of scienceand 
industry that require the specific qualities 
of quartz in the form of precision-bore tub- 
ing drawn to close tolerances. This recently 
announced tubing is straight in length 
and accurately dimensioned to round, 
square, and oblong shapes with bore 
tolerances from 0.001 (small) to 0.003 (for 
1 in. and larger).— Special Products Divi- 
sion, Hanovia Chemical and Manufactur- 
ing Co., Newark 5, N. J. 


Drawing Instrument 


A new draftsman’s instrument, called the 
Perspect-O-Metric, makes the task of 
creating perspective drawings comparative- 
ly simple. The new instrument automatical- 
ly guides the draftsman’s pencil toward the 
established vanishing points from any posi- 
tion on the drawing board. Special scales 
instantly reduce distant portions of the 
subject to their correct proportions. The 
instrument has three scale arms, and pro- 
vides for two vanishing points, which can 


be located at any position along the edges — 


of the drawing board. A small pulley is 
‘clamped over each of the chosen vanishing 
points. Any movement of the instrument 
creates a corresponding angular motion 
of the swinging scale arms, and thus they 
remain oriented to the chosen vanishing 


— 


points.—Charles Bruning Co., Inc., 4754 


Montrose Ave., Chicago 41, Illinois. 


Cable Connectors 


New 3%-in. Harbot connectors for at- 


taching armored cable to knockout boxes in 
electrical installations. These connectors 
greatly simplify installation of electrical 
switches, outlets, junctions, and fixtures, 
and at the same time form a rigid fitting 
which protects wiring from damage at the 
point of entry to the knockout box. They 
are especially valuable in installations 
where vibrations exist. 

Made of a special aluminum die-cast 
alloy, each of the connector’s two parts 
has a grooved lip which engages the edge 
and inside surface of a standard %-in. 
knockout opening. Operating on a simple 
cam-wedge principle, it is possible to install 
this connector from the outside of the box 
after the wiring hook-up is completed.— 
Unimatic Corporation, 52 East Centre Street, 
Nutley, N. J. 
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...FOR THOSE 


TRY DAVEN! 


TOUGH “SwYerigz” PROBLEMS 


Whether you use switches for industrial applications, communications 
or laboratory work, a Daven-constructed unit will give maximum performance. 
Many years of engineering experience and skilled workmanship have been 
combined to make a truly superior switch. 


Daven switches are the rotary selector type— outstanding in design and 


capable of withstanding the most critical tests. They are preferred by en- 
gineers who want the best. 


Some outstanding features are— 


Low and uniform contact resistance. 


Minimum thermal noise. 
High resistance to leakage. 
Trouble-free operation and long life. 


Roller-type positive detent action. 
Depth of unit not increased by addition of detent. 


A full line of standard switches are available. 
Listed below are a few of the popular types. 


Operation 


aximum No. 
of Positions 
(per pole) 


ee en el 
M 


Maximum Poles 
Per Deck 


Deck 
Diameter 


VEN has a standard switch for your special requirements. 


engineers will be glad to offer suggestions on your problems. 


make before break 
break before make 
make before break 
break before make 


make before break 
make before break 
make before break 
break before make 


make before break 
break before make 
make before break 
break before make 


make before break 


Ant 


RRND 


Tempilstiks 


A simple 
method of 
determining 
safe operating 
temperatures 
for: 

e BUS BARS 
© POWER TUBES 


©¢ TRANSFORMERS 
and other electrical 


equipment. 
also in: Also 
* MOLDING available 
© CASTING in pellet 
© FORGING and ¢ 
° DRAWING liquid J 
° HEAT TREATING 7m @ i 
© WELDING 
e 


FLAME-CUTTING, etc. 


It's this simple: Select the 
Tempilstik® for the working 
temperature you want. Mark 
your workpiece with it. When 


aos gives up 
the Tempilstik” mark melts, to 2000 
the specified temperature has readings 


been reached. 


Available in these ‘temperatures (°F) 


125 1100 
138 1150 
150 1200 
163 1250 
175 1300 
188 1350 
200 1400 
213 1450 
225 1500 
238 1550 
250 1600 
263 


FREE While we cannot supply. 


free Tempilstiks®, we will 
be glad to send you sample Pellets or 
sample Tempilag® (liquid form) for trial 
under your actual working conditions. 
Be sure to state the temperature of 
interest to you. 


=30 
Tempil° corp. 
134 WEST 22nd STREET 
New York 11, N. Y. 
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NEW PRODUCTS (Continued) 


Bus-bar Bender 


A new portable Flexo bus-bar bender 
designed to meet the needs of public utilities 
and other large power plants. The flexibility 
of the device makes it readily adaptable to 
use in the shop and in the field. Measuring 


only 181% in. over-all, it can easily be placed 
in a maintenance truck, while its weight of 
110 lb makes it possible for use wherever 
needed. However, it has ample capacity to 
bend bus bars up to 4 in. wide and Y% in. 
thick to a clean 90-deg angle-—Flexo Ma- 
chines Co., 456 N. Aberdeen St., Chicago 
22, Til. 


Radio-frequency Ohmmeter 


A new radio-frequency ohmmeter, Type 
YKS-1, designed primarily to permit rapid 
and accurate measurement of r-f resistance 
in radio components. This direct-reading 
instrument, intended for use by component 
manufacturers in research and development 
laboratories, and for production testing, has 
a wide range of from 50 kc to 80 mc. By 
means of a calibrated precision condenser, 
the device provides a measurement of the 
series resonant reactance of the com- 
ponent under test. 

The ohmmeter is adapted for rapid 
measurement of such constants as the r-f 
resistance of ordinary coils, capacitors, 
transmission lines, and antennas, or even 
complex combinations of these components. 
A nomograph is supplied with the unit for 
quick conversion of power factors and Q.— 
General Electric Company, Specialty Divi- 
sion, Electronics Park, Syracuse, N. Y. 


Multi-flow Rotameter 


A new Multi-tube rotameter which can 
be built with two or more rotameter tubes 
in it for use on related flows. 

The standard Full-view rotameter end 
fittings are fastened to a metal back plate 
with dowel pins and cap screws. The front 
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of the unit is shielded with a plastic w 
dow, %4 in. thick. Each tube with its 
fittings may be removed without distur 
any of the other parts. ; 
The advantages of this unit are: compacts 
ness, close correlation of related flows; and 
economy of operation.—Brooks Rotameter 
Co., P.O. Box No. B-30449, Lansdale, Pa, , 


Switch Operator 


A new Adaptaplate, Style P, provides fon 
single-button maintained-contact control: 
with any Unimax a-c, a-c/d-c, or metal- 
cased snap-acting switch. This adjunct to 
a line of switches comprises a ratchet-driven: 
rotary detent cam which alternately presses! 
and releases the operating button of the! 
switch when the drive plunger is pushed.| 


One stroke operates the switch; a second 
releases it. Since the switches have contacts 
for double-throw single-pole switching, any 
desired operating sequence can readily be 
obtained with this push-on push-off Adapta- 
plate. The device extends 3% in. above the 
top of the switch and its operating plunger 
projects 14 in. beyond the end of the hous- 
ing. A stroke of less than 1 in. drives the 
rotary detent cam from an ON to an OFF 
position.— Unimax Switch Division, W. L. 
Maxson Corp., 460 West 34th St., New York 
Lone 


Oscilloscope 


A new five-inch oscilloscope, Type ST- 
2A, designed especially for use in television 
work and general laboratory applications. 
The scope has high sensitivity, and straight 
resistive coupling is used to obtain wide 
frequency response, the curve of which falls 
off so gradually that the scope can be used 
on input frequencies up to 3 mc. 

The input attenuator to the vertical 
amplifier will attenuate voltages by as much 
as 1000 to 1 without frequency discrimina- 
tion. Both the vertical and horizontal input 
circuits will handle direct voltages. The 
cathode-ray tube is cradled in rubber and 
is provided with a 14-in. thick safety win- 
dow.—General Electric Company, Electronics 
Park, Syracuse, N. Y. 
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es, on many electrical construction or modernization jobs in dry 
cations,} where sizable loads are involved, you may be able to 
ork substantial savings with G-E Deltabeston® AVA cable. 

Built for locations where operating temperatures are high, Delta- 
eston cables are insulated with heat-beating asbestos. That’s why 
iese cables can go to work even at normal ambient temperatures in 
naller sizes than ordinary Type R building cables. General Electric 
eltabeston AVA cables can actually cut conduit size requirements 
much as 40%, because their insulation permits smaller conductors. 
To you, Deltabeston AVA cables mean installation speed, because 
ey can help on many jobs by reducing the number of cables you 
it in—material savings, because AVA cables permit smaller conduit 
zes—weight savings, because small size means light weight. 

It will pay you to talk over the use of General Electric Deltabeston 
VA cables with your electrical contractor. For specific information, 
rite to Section Y33-75, | Construction Materials Department, Gen- 
al Electric Company, Bridgeport 2, Connecticut. 


s defined by the National Electrical Code. 


~ Are you aware 

that AVA CABLES 
Can save up to 40 /, 
On conduit size?” 


“k 


a load of 470 amperes. Similar savings 


The figure above was worked out for 


ean be realized for other loads. 
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3 TRADE LITERATURE 


AiR CONDITIONING—Simple diagrams and 
sketches in the booklet titled, ‘‘A Dream of 
Green Air,” aid in the description of how 
Dorex air-recovery equipment functions. 
Sixteen pages. Bulletin No. 118.—W. B. 
Connor Engineering Corp., 114 East 32nd 
St., New York 16, N. Y. 


BERYLLIUM CopPpER—A leaflet supplying 
data on the use and cost-saving possibilities 
of precision-cast beryllium copper for 
industrial and novelty parts. Typical 
physical and mechanical properties, to- 
gether with accepted processing techniques, 
are included. Four pages. Bulletin 11.— 
The Beryllium Corp., Reading, Pa. 


CaBLE—Examples are shown of new devices 
and equipment for cable-installation work, 
suggesting latest methods of installation, 
and offering specialty equipment for particu- 
lar requirements. Thirty-eight pages. Cata- 
log No. 62.—T. J. Cope, Inc., 711 So. 50th 
St., Philadelphia 48, Pa. 


Ductitity—A bulletin covering a complete 
line of hand-operated, motor-driven, and 
automatic ductility-testing machines, with 
detailed instructions on their installation, 
maintenance, and operation. Hight pages. 
Bulletin No. 39.—Tinius Olsen Testing 
Machine Co., 1086 Easton Rd., Willow 
Grove, Pa. 


ELEctronic ALLoys—The electrical and 
electronic properties of 18 high-nickel alloys 
are described. Cites typical uses of these 
materials. Twenty-six pages.—International 
Nickel Co., Inc.,67 Wall St., New York5, N.Y. 


% For three or more controts 
operated as a unit in tandem, 
Clarostat Series 42 is the logical 
choice. Bakelite cases nest and 
lock together. Metal end-plates “ 
and tie-rods. Rigid assembly. 
Single shaft passes through and 
locks with rotor of each con- 
trol. Up to 20 units. Each unit 
wound to desired resistance, 
taper, tap, hop-off. Back lash 


eliminated. 


and’ KEMMU 


CLAROSTAT MFG. CO., INC. 


. Write for Engineering 
Bulletin 142. Let us col- 
laborate on your control 
problems, 


InpucTION HrateR—Application illustra- 
tions of the 20-kw electronic induction 
heater depict its outstanding features— 
fast high-production heating; easy, auto- 
matic operation; accurate control; versatile 
application; and uniform performance. 
Information on worktables, construction, 
and specifications is included. Four pages. 
GEC-477.—General Electric Co., Apparatus 
Dept., Schenectady 5, N. Y. 


INSERT ARRANGEMENTS—A desk-size con- 
nector-specifications chart showing _half- 
scale insert arrangements of 203 positions 
in addition to alternate insert positions. 
Chart No. 1.—Cannon Electric Development 
Co., 3209 Humboldt St., Los Angeles 31, 
California. 


METALLIzING—A booklet with corrosion pre- 
vention as its theme describes and illustrates 
the numerous ways various types of equip- 
ment can be protected by metallizing. 
Eight pages. Bulletin 62.—Metallizing En- 
gineering Co., Inc., 88-14 30th St., Long 
Island City 1, N. Y. 7 


PHOTOELECTRIC CELLS—Self-generating 
photoelectric cells are described and illus- 
trated. Applications and design specifica- 
tions are included. Twelve pages. Catalog 
VC-4000.— Vickers Electric Division, Vickers, 
Inc., 1815 Locust St., St. Louis 8, Missouri. 


Piastic CoaTINGc—‘‘Perma-Skin Vinyl Cor- 
rosion Resistant Protective Coatings’’ titles 
a booklet describing the Perma-Skin system 


for combatting corrosion of metal, wo 
stone, brick, or concrete structures, equi 
ment, etc. Four pages.—Dennis Chemic 
Co., St. Louis 3, Mo. t 


RADIOACTIVE MaTERIALS—A selected bibl 
ography concerning industrial uses — 
radioactive material, indexed under specifi 
fields, such as petroleum, mining anc 
metallurgy, textiles, radiography, gl 
etc. Sixteen pages.—Arthur D. Little, In 
Cambridge 42, Mass. j 


REcTIFIERS—In addition to describing the 
construction of oil-immersed selenium recti. 
fiers, their applications, advantages, anc 
directions for mounting are given. Includes 
single-phase full-wave and half-wave circuit 
data. Four pages. GEC-484.—General Elec- 
tric Co., Apparatus Dept., Schenectady 5. 
INE VE : 


ReLays—Specifications, ratings, and prices 
of a wide variety of relays are conveniently 
listed, together with miniature switches, 
dry-disk and crystal rectifiers, transmitting 
tubes, and pilot and flashlight lamps. Fou 
pages. 1949 Relay Catalog.—Wells Sales, 
Inc., 820 N. La Salle St., Chicago 10, Ill. 


TRANSFORMERS—Filament and plate trans- 
formers—for electronic equipment—in the 
following construction types are among 
those described: core and coil; Permafil: 
compound-filled; and hermetically sealed. 
Twenty-four pages. GEC-481—General Elec- 
Hh Coe Apparatus Dept., Schenectady 5, 


9,000 hp Synchronous Motor, manufactured at C-G-E Peterborough Works, 


DOVER, N. H. 
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driving a centrifugal compressor at a large Canadian nickel mine, 


ten factories manufacture 
General Electric products. 
engineering and sales offices 
and 19 warehouses are located 
from coast-to-coast to serve you. 


CANADIAN GENERAL ELECTRIC CO 


30 


LIMITED 


Sydney + Halifax + Saint John * Quebec + Chicoutimi * Trois Rivieres » Sherbrooke « Montreal * Ottawa + Toronto 
Hamilton + St. Catharines * London * Windsor * Noranda * New Liskeard « Sudbury * Timmins « Fort William 
Winnipeg « Brandon « Regina « Saskatoon + Lethbridge + Edmonton + Calgary « Trail + Kelowna Vancouver * Victoria 


. 
July, a 


(Available books may be purchased through the GENERAL ELECTRIC REVIEW for domestic delivery; none sent on approval.) 


SICAL ASPECTS OF COLOUR 


|; Bouma—N. V. Philips Gloeilampen- 
ieken (Philips Industries), Eindhoven, 
_ Netherlands; distributed by Elsevier 
lishing Co., Inc., New York. 1947. 
pp. $5.50. 


‘his is a translation of a book written by 
accomplished illuminating engineer of 

Philips Laboratory at Eindhoven, 
herlands, representing his attempt to 
ify and show the basis for the accepted 
hods of measuring colors and designat- 
them by numbers. It is much less ab- 
ict than most treatises on that subject, 
| anyone interested in the field of color 
oo will find stimulating reading 
t is written in much the same style that 
would expect if the author were giving 
lanations in a discussion across the table. 
ere is some repetition as topics are recon- 
sred on levels of increasing difficulty. 
e discussion is all woven around a large 
nber of explicit references to key articles 
the original literature. Not only is there 
extensive bibliography of eighteen pages 
the end of the book, but each point, as 
s developed in the text, is tied directly 
the appropriate references. 
[The book will appeal to those who are 
ing to acquire a feeling for the abstract 
ject of colorimetry. A considerable num- 
- of numerical examples are worked out 
the text, and the mathematical formula- 
n is not complex. In the words of the 
thor, “The reader is assumed to be 
yuainted with mathematics and physics 
far as they are taught in secondary 
1ools and to possess a certain amount of 
eh? 
There is one chapter on color vision and 
e on the historical development of color 
ence, but aside from these, psychological 
d physiological aspects of color are con- 
ered only incidentally. 

FRANK J. STUDER 


1S TABLES 

seph H. Keenan and Joseph Kaye— 
hn Wiley & Sons, Inc., New York. 1948. 
L238 pp. $5.00. 


Engineers familiar with the works of 
ofessor Keenan and his associates will 
d new and unprecedented thermodynamic 
sistance in Gas Tables. This book was 
fended merely to supersede Thermo- 
namic Properties of Air, but in reality it 
complishes far more than the previous 
lume. 

The properties of air have been re- 
amined and recalculated, and extensive 
ta on the properties of combustion prod- 
ts have been added. Constituent gases 
und in the products of combustion are 
0 tabulated individually and their prop- 
ties listed for temperatures ranging be- 
een 300 and 5380 F. Several tables of 
ecific interest in the analysis of the flow of 
mpressible fluids are included, among 
rich are the Rayleigh line, the Fanno line, 
e-dimensional normal shock functions, 
e method of characteristics, and pressure, 
nsity, and Mach number changes through 
ro-dimensional shock waves. 

All tables of thermodynamic properties 
her than those for air are on the basis 
the pound-mole. By means of the molal 
it a single table for the products of com- 
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bustion is obtained corresponding to a wide 
range of carbon-hydrogen ratios. 

The book is appealing in that its com- 
pleteness will obviate many of the tedious 
calculations common to thermodynamic 
analysis. To this end tables of one-dimen- 
sional isentropic compressible-flow func- 
tions and exponential functions are espe- 
cially noteworthy. 

Engineers concerned with studies of heat 
transfer, fluid flow, combustion, and thermo- 
dynamics will all benefit greatly by this 
addition to the present tables of properties. 

EpwarbD H. FREIBURGHOUSE, JR. 


MICROWAVES AND RADAR ELECTRONICS 


Ernest C. Pollard and Julian M. Sturtevant 
—John Wiley & Sons, Inc., New York. 
1948. 426 pp. $5.00. 


The purpose of this book is to present a 
survey of the more important circuit and 
field techniques developed during the war in 
connection with microwaves and radar for 
use in undergraduate, and certain graduate, 
college courses. The presentation presup- 
poses an understanding of basic electronics 
and some acquaintance with electromag- 
netic field concepts and associated mathe- 
matics. 

The material is presented under three 
main classifications. The first is electro- 
magnetic fields, which includes a brief in- 
troduction to field concepts, wave guides, 
cavity resonators, microwave generators, 
and associated techniques. The second 
classification is circuits, and covers pulse 
generators and shapers, amplifiers, noise, 
cathode-ray tube presentation, servomech- 
anisms, and computers. The last section 
includes radar and microwave communica- 
tion systems and. the use of microwave 
techniques in physical research. 

The material is in general of a descriptive 
nature, with some explanatory and analyt- 
ical treatment of the more basic phe- 
nomena; this corresponds with the purpose 
of the book. The treatment of the funda- 
mentals of electromagnetics, however, is 
rather brief and contains two weak points. 
Gaussian units are used in disregard of the 
present-day trend toward rationalized MKS 
units. Furthermore, the magnetic-field- 
intensity vector and magnetic-induction- 
intensity vector are indiscriminately inter- 
changed in the mathematics when dealing 
with free space. This could easily lead toa 
misunderstanding of the fundamental con- 
cepts, for although these two vectors have 
the same numerical value, they do not 
possess identical units and significance. 

K. O. STRANEY 


INTRODUCTION TO APPLIED MATHEMATICS 
Francis D. Murnaghan—John Wiley & 
Sons, Inc., New York. 1948. ix+3889 pp. 
$5.00. 

The subject matter of this book is that of 
a graduate course in applied mathematics 
that the author has given for the past 
twenty years at Johns Hopkins University, 
and was written on the eve of his leaving 
that institution. Subjects treated are vec- 
tors and matrices, linear vector functions, 
Fourier series, curvilinear co-ordinates, 
Laplace’s equation, spherical harmonics, 
Bessel functions, boundary-value problems, 
integral equations, the calculus of varia- 
tions, and operational calculus. 


GENERAL ELECTRIC REVIEW 


The book is the first volume of the Wiley 
Applied Mathematics Series edited by Dr. 
Sokolnikoff. It is written for the graduate 
student, physicist, and engineer, and is, as 
its title implies, only an introduction to the 
subjects’ treated. Many exercises are in- 
cluded, making it suitable for independent 
study. 

CHARLES CONCORDIA 


THE STRUCTURE OF MATTER 


Francis Owen Rice and Edward Teller— 
John Wiley & Sons, Inc., New York. 1949. 
361 pp. $5.00. 


This book is addressed to the professional 
physicist and chemist with a wide empirical 
experience of phenomena but only a nodding 
acquaintance with quantum theory. It 
should enable the experimentally minded 
reader to use the concepts of quantum 
mechanics intuitively in his own work with- 
out burdening himself with the abstract 
mathematical apparatus required for quan- 
titative applications. 

The authors, a mathematical physicist 
and a theoretical chemist, are both leading 
authorities. They have done an outstanding 
job of exposition, achieving clarity and sim- 
plicity without sacrificing scientific accuracy 
and without oversimplifying. If anything, 
they may be criticized for having over- 
stressed the limitations of the theory while 
glossing over. its striking quantitative 
successes in the few cases susceptible of 
exact treatment. 

The book should be especially valuable 
to industrial scientists and older experi- 
mentalists who have not had an opportunity 
to familiarize themselves with modern 
ideas of the structure of matter. The range 
of subjects covered is indicated by some 
of the chapter headings: The Periodic 
System, The Chemical Bond, Forces in the 
Solid State, Magnetic Properties of Mat- 
ter, Molecular Vibrations, Electronic Spec- 
tra, Nuclear Chemistry, State of Matter in 
Stars. The treatment is unusually concise, 
and the approach sufficiently original so 
that the book makes fascinating reading 
even to one who considers himself a special- 
ist in these fields. 

Harvey Brooks 


Vacuum MANIPULATION OF VOLATILE CoM- 
POUNDS 

Robert Thomas Sanderson—John Wiley & 
Sons, Inc., New York. 1948. 162 pp. $3.00. 

Dr. Sanderson’s book is well described 
by its title. It does not pertain to the 
properties of a high vacuum, but rather 
describes techniques which can be con- 
veniently employed in working with volatile 
chemicals. 

The subject matter includes construction 
materials necessary to a vacuum system and 
their properties, a chapter on elementary 
glass blowing, pumps and their use in ob- 
taining a vacuum, the measurement of 
pressure and low temperatures, the use of 
refrigerants, and various specialized opera- 
tions in a vacuum system. 

This book will be most useful to those 
entirely unfamiliar with vacuum technique, 
but physicists and physical chemists inter- 
ested in the properties of a high vacuum 
will not find it a worthwhile addition to 


their library. 
Lewis V. McCarty 
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This conveniently arranged catalog 
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capacitor in every case style listed in Specification 
JAN-C-25. All information for any given type 
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LIBRARY NOTES 


ON ARTICLES IN OTHER TECHNICAL JOURNALS 


VIATION 


UMAN CENTRIFUGE IN OPERATION AT 
AERO MEpICcAL LABORATORY TO DETER- 
MINE “G’’ TOLERANCES, by H. M. 
Sweeney. Tech. Data Digest, Apr. 1, 
1949; v. 14, pp. 15-23. 


Concerns the problem—intensified by 
high-speed postwar aircraft—of deter- 
mining exactly how many g's a pilot can 
tolerate in an average turn lasting from 
10 to 15 seconds. 


ESEARCH ON AIRCRAFT PROPULSION Sys- 
sMS, by Abe Silverstein. Jour. Aero. Sci., 
Apr. 1949; v. 16, pp. 197-226. 


A method of analysis is outlined to enable 
aircraft-propulsion systems to be com- 
pared on a common basis, provide an 
ordered arrangement of the systems ac- 
cording to their use, and indicate the 
areas in which research effort should be 
expended to increase the performance of 
the systems. 


AFETY IN AIRCRAFT ELECTRIC SYSTEMS, by 
[orton H. Adolphe. Elec. Engng., Mar. 
J49; v. 68, pp. 227-229. 

Describes many hazards and how they 
ean be avoided through proper design 
and job safety training. 


EARINGS 


REEP OF BALL-BEARING RAcEs, by Irving 
alikow. Prod. Engng., Apr. 1949; v. 20, 
p. 129-133. 


Causes for the creeping of outer races of 
ball bearings, and the harmful effects pro- 
duced. Methods for minimizing or pre- 
venting creep are included. 


GETTING THE Most Our or FRICcTION- 
TYPE BEARINGS, by H. L. Smith. Iron Age, 
Mar. 3, 1949; v. 163, pp. 96-99. 


Advice on oil-groove location, surface 
finish, babbitt-layer thickness, clearance, 
and other variables affecting the life and 
service of both nonprecision and pre- 
cision bearings. 


LUBRICATION REQUISITES IN SEALED BALL 
BEARINGS, by D. E. Batesole. Prod. Engng., 
Mar. 1949; v. 20, pp. 107-110. 


Considerations for the aid of the designer 
in selecting or constructing prelubricated 
sealed ball bearings for different uses. 


ELECTRIC LIGHTING 


EFFECT OF CARBON COOLING ON HIGH- 
CurRENT Arcs, by Wolfgang Finkelnburg. 
Soc. Motion Pict. Engrs. Jour., Apr. 1949; 
v. 52, pp. 407-416. 


Pertains to arc lamps for motion-picture 
applications. 


LOUVERALL LiGHTING TECHNIQUES, by 
Benjamin S. Benson, Jr. Jllum. Engng., 
Feb. 1949; v. 44, pp. 89-97. 


Results of tests made with various kinds 
of louvers and light sources. 


ELECTRON OPTICS 


POSITIVE-REPLICA TECHNIQUE FOR ELEC- 
TRON Microscopy, by C. M. Schwartz and 
others. Jour. App. Physics, Feb. 1949; v. 
20, pp. 202-205. 
Describes a method which reproduces the 
contour variations of the specimen 
surface, and permits direct visual inter- 
pretation of elevation. 


THE Proton Microscope, by Claude 
Magnan. Nucleonics, Apr. 1949; v. 4, pp. 
52-66. 
The construction and performance of 
such a device at the College de France. 


HEAT TREATMENT 


How To HEAT-TREAT BERYLLIUM-COPPER, 
by John T. Richards. [von Age, Feb. 24, 
1949; v. 163, pp. 78-84. 


Recommendations covering hardening 
procedures, including handling tech- 
niques, are presented, supplemented with 
physical-property data. Equipment re- 
quirements are also discussed. 


TEMPERING IN A STEAM ATMOSPHERE, by 
Hal M. Parshall, Mach., Mar. 1949; v. 55, 
pp. 150-153. 
Used for longer tool life, improved ma- 
chinability of both ferrous and non- 
ferrous parts, and increased hardness of 
powdered-iron parts. 


(Concluded on next page) 


HANDBOOK 


... 192 PAGES of 
USEFUL INFORMATION 


Engineers, designers. purchasing agents — 


GET YOUR COPY 
You will find complete data on the lamps used in 


pilot lights. 


And illustrations — all full size — of hundreds of 


items you will use. 


There is a table of resistors for operation of 


lamps on all voltages. 


Complete dimensional data on each unit. 
More than 2,000 Underwriters’ Listed Assemblies. 


The DIAL LIGHT COMPANY of AMERICA 


Foremost Manufacturer of Pilot Lights 
TELEPHONE SPRING 7-1300 


900 BROADWAY, NEW YORK 3, N. Y. 


While 


ily, 1949 


Handbook "-149 


GENERAL ELECTRIC REVIEW 


Compact! Complete! 
Iupinitely Variable! 


i R 36:1 1 end 
; Fee eC ILE: Output .025 date any nominal input or output 


@ Speed to 20,000 R.P.M. 
@ Rotation Either Way 


WRITE FOR BULLETIN 99 


MINIATURE « 


Metron Miniature Variable Speed 
Drive is the answer to a grow- 
ing demand for small, complete 
units. Can be supplied | with 
Metron Miniature gear units on 
either or both ends to.accommo- 


speeds. Ideal for low power ap- 
plications such as indicators, re- 
corders, computors, regulators, 
business machines, etc. 


METRON INSTRUMENT COMPANY 


448 Lincoln St. © Denver 9, Colo. 


« Welter 


MAKERS OF INSTRUMENTS 
FOR PRECISION MEASUREMENT 


a), 


56 


DEVELOPMENT COMPANY 


Canadian Representative: A.C. Wickman, (Canada) Ltd., P.O. Box 9, Station N, Toronto 14 
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LUBRICATION AND LUBRICANTS 


SIGNIFICANCE OF CHEMICAL TESTS Ih 
LUBRICATING-OIL SPECIFICATIONS. Power,” 
Mar. 1949; v. 93, pp. 97-99. 4 
Explains what lube-oil chemical testss 
mean and why they are lengthy. | 


SIGNIFICANCE OF TESTS AND SPECIFICA- - 
TIONS FOR GREASES, by Gus Kaufmar 
Lubrication Engng., Apr. 1949; v. 5, pj 
83-85, 94. 
Considers the most common and fre 
quently used tests for lubricating grease: 
their significance and actual value ini 
specifications. 


PLASTIC DEFORMATION 


DEFORMATION IN ROLLING, by George S. | 
Mican. Iron & St. Engr., Feb. 1949; v. 26, , 
pp. 53-67. 45) 
The contour patterns developed under + 
rolling or forging are shown to be related | 
to the ratio of the height of stock worked 
to the horizontal component of the chord 


of the roll-contact arc. : fl 


VARIATIONAL PRINCIPLES IN THE THEORY * 
oF FINITE PLAsTIC DEFORMATION, by Aris ; 
Phillips. Quar. App. Math., Apr. 1949; v. 7, , 
pp. 110-114. a 


A mathematical article. 
r 


RADIO ENGINEERING 


RADIATION FROM CAR IGNITION SysTEMs, hs 
by B. G. Pressey and G. E. Ashwell. Wire- - 
less Engr., Jan. 1949; v. 26, pp. 31-38. 


Measurements in the 46-650-megacycle : 
band. Includes effect of suppression of © 
the radiation by resistors, etc., in the : 
ignition circuits. { 
SUBMINIATURIZATION OF INTERMEDIATE-FRE-= | 
QUENCY AMPLIFIERS. Nat. Bur. Sids. Tech. 
News Bul., Apr. 1949; v. 33, pp. 46-48. 


Using newly developed techniques, the - 
Bureau has succeeded in concentrating © 
certain components of air-borne elec- 
tronic systems into about one-sixth the 
volume occupied by existing equipment. 

; 


STANDARDS 


AERONAUTICAL STANDARDIZATION IN THE 

U.S.A., by Marshall F. Allen. Stds. Wid., . 

Spring 1949; v. 1, pp. 1-14. 
Traces the history and outlines the — 
present status of aircraft standardiza-— 
tion. 


WHat PricE MopuLaRr Co-oRDINATION? ] 
Standardization, Apr. 1949; v. 20, pp. 93-95. 


Presents the need—with the termination 
of the Modular Service Association—of — 
another source of technical service for 
continuing work on modular co-ordina- _ 
tion: a tool of real value for architects, 
engineers, the building industries, and’ 
manufacturers of construction materials. — 


WELDING } 


MATERIALS JOINED By NEW COLD-WELDING | 
Process, by A. B. Sowter. Weld. Jour., Feb. ~ 
1949; v. 28, pp. 149-152. : 


Strong welds in a number of nonferrous © 
materials, particularly aluminum and _ 
copper, possible with this simple cold- | 
welding method, are described. 


TUNGSTEN: To SAvE or Not TO Save, by 
R. W. Tuthill. Weld. Engr., Mar. 1949; v. 
34, pp. 42-45. i 


Considers the question, ‘‘Are we justified | 
economically in protecting the tungsten’ 
electrode used in inert-arc welding against 
the ravages of oxidation when the extra 
argon consumed costs six times as much 
as the tungsten saved?” ; 


| 
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